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ESSAY 


ON THE 


ASCENT OF VAPOURS, 
| The Formation of 


CLOUDS, RAIN and DEW, 


And on ſeveral other 


Phenomena of AIR and Warts. 


ON THE 
ASCEN Tyof VAPOUR'S, 
c.“ 


Intend in this Eſſay to give 
ſome account of the Nature 
of Evaporation, the Aſcent 
of Watery Vapours and ſeve- 


ral other Phznomena of the Atmoſphere. 
In explaining which I ſhall proceed upon 


This Eſſay was read at a Meeting of the 
Royal Society on the 9th and 16th of May, 
1765, communicated in a Letter to the Rev. 
Charles Dodg fon, D. D. F. R. S. now Lord Bi- 
ſhop of Offory. Vide Phil. Tranſ. Vol. LIV. 
To which ſome Additions and Improvements 
have been ſince made by the Author. 


B a Principle 
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2 Principle very different (as far as I ca 
find) from any that has hitherto been uſed 
on this Occaſion; whereby I ſhall avoid 
thoſe Objeftions which late Writers have 

made to the former Accounts that have- 

been given us of theſe Phænomena, and 

perhaps deliver ſomething on this Subject 
that may appear ſalisfactory. 


In all the Accounts 1 have met with, 
Fire, or Heat and Rarefaction, by which 
Watery Vapours are ſuppoſed to become 
ſpecifically lighter than Air, are made to 
be the principal, if not the only Cauſes 
| of their Aſcent into the Atmoſphere. 
| Doctor Niewertyt, and ſome others ſup- 
poſed, that the Particles of Fire, by ad- 
hering to thoſe of Water, make up Mole- 
i culæ or ſmall Bodies fpecifically lighter 
| than Air. And Doctor Halley thought, 
1 that by the Action of Heat the Particles 
of Water are formed into hollow Sphe- 
rules filled with a finer Air, highly rare- 
fied, ſo as to become ſpecifically lighter 
than the external Air. This laſt was the 
Opinion moſt commonly received, as 
Doctor Deſaguliers tells us in his Diſſer- 
tation 
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tation on this Subject (publiſhed in The © 
Philoſophacal Tranſafltions, in the Year 
1729) in which he examines and refutes 
the two former Opinions, and endeavours 
to eſtabliſh his owrr. He aſcribes the 
Aſcent of Aqueous Vapours to their be- 

ing turned into an Elaſtic Steam, and al- 
ways rareſied more than the Air is by the 
Degrees of Heat, to which Bodies are 


uſually ſubject in the different Seaſons of 
the Year. 


This Opinion, I find, has been as ill 
received by fubſequent Writers, as the 
former ones, Mr. Clare, in his Treatiſe 
en the Motion of Plus, has brought many 
Objections againſt it; as My. Rowning has 
alſo done in his Syſtem of Natural Philoſo- 
ply, not long fince publiſhed; who ſays, 
that the Cauſe of the Afcent of Vapours 
has been much difputed, but not yet de- 
termined by Philoſophers, and owns that 
he cannot think of any true Principle of 
Philoſophy upon which it may be ac- 
counted for. 


"Bs... L ſhall 
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I ſhall not here repeat the Objections 
made by thoſe Gentlemen, but muſt beg 
leave to add the two following, which, 
among others that might ſtill be urged, 
they have not taken Notice of, | 


Fiſt; If Heat was the only Cane of 
Evaporation, Water in a warm and cloſe 
Room would evaporate faſter than when 
expoled in a colder Place where there is a 
conſtant Current of Air, which is con- 


7551 to be fr 


Gen es The bins of Water 
is ſo far from depending on its being rare- 
fied. by Heat, that it is carried on even 
whilſt Water is condenſed by the Cold - 
neſs of the Air. For Water is gradually 
condenſed by Cold, till the Moment it 
freezes; and ſince it evaporates even when 
frozen into hard ice, it muſt evaporate in 
all the leſſer Degrees of Cold. Mr. Boyle, 
having counterpoiſed a Piece of Ice in a 
Scale, hung it out in a froſty Night, and 
found next Morning that it loſt conſide- 
rably of its Weight by Evaporation, 


„Who would have thought, ſays he, that 
f 6 ſo 
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** ſo extremely hard and cold a Body 
© would-evaporate/ſo faſt in the clear Air 
of a freezing Night?” and ſince that 
time others have obſer ved the ſame Thing; 
which Fact ſeems to be an unanſwerable 
Objection to all the Accounts in which 
Rarefaction by Heat is made to be the 
chief, if not the only Cauſe of Evapo- 
ration: and therefore we muſt have Re- 
courſe to ſome other Principle to aſſiſt us 
in accounting for this Phænomenon. 


As the Author of Nature does not em- 
ploy in his Works a greater Variety of 
Cauſes than is abſolutely neceſſary, it is 
the Buſineſs of natural Philoſophy to re- 
duce as many Phænomena as may be, to 
ſome general well-known Cauſe; and 
this is to be done by comparing the Phz- 
nomena together in their ſeveral Cir- 
cumſtances, in which if they are found 
to agree, they are then to be conſidered 
as Effects of the fame Kind, and aſcribed 
to the fame Cauſe ; by which Means, the 
Cauſes, whoſe Exiſtence is already proved, 
will be rendered more general, and our 
Knowledge more extenſive. Now, as the 

B 3 Suſpenſion 
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Suſpenſion of the Particles of Water in 
Air, of Salt in the Waters of the Ocean, 
and of other heavy Bodies in the Fluids 
that diſſolve them, ſeem to be Pheno- 
mena of the ſame Kind, we might reaſon- 
ably ſuppoſe, that they ariſe from the 
ſame Cauſe, and that what we call Evapo- 
ration is nothing more than a gradual So- 
lution of water in Air. But that 1 may 
not propoſe this merely as an Hypothefes, I 
Thall endeavour to prove the Truth of it, 
by conſidering the Nature of Solution 
in general, and comparing its Proper- 
ties and Effects with thoſe of Evapora- 
ton. | 


By Solution we. nnderſtand, ſuch an 
intimate Union between the Particles of 
a. Body and thoſe of a Fluid, that the 
Whole ſhall appear an Homogeneous 
Maſs; as tranſparent as the Fluid was be- 
fore ſuch Union, and ſhall ſo continue, 
till ſome external Cauſe produces a 
Change. The Nature of Solution has 
been explained by the Writers on Chymiſ- 
try in this Manner; When the Particles 
of any Body ne by a Fluid are 

leſs 
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leſs ſtrongly attracted by each other than 
by the Fluid, they mult ſeparate from 
each other, and join themſelves to thoſe 
of the Fluid, and remain ſuſpended there - 
in: Thus various Salts are diſſolved in 
Water, eſſential Oils in Spirits of Wine, 
Gold in Aqua Regia, Mercury, Silver and 
other Metals in other acid Spirits; and in- 
deed it ſeems to be with great Appearance 
of Reaſon, that the Attraction between 
the minute Particles of different Bodies (of 
which we have ſo many other Inſtances) is 

aſſigned as the Cauſe of that Union be- 
tween them, which we experience in So- 
lutions; the chief Properties of which I 
ſhall now mention, ſo far as may be neceſ. 
fary for the Purpoſe to which I mean to 
apply them. 


In moſt Caſes a diſſolving Fluid, or 
Menſtruum as the Chymiſts call it, will diſ- 
ſolve or take up only a certain Quantity of 
the Body which is ſoluble in it, and if any 
more of the ſame Body be added, it will 
fall undiſſolved to the Bottom, and then 
the Fluid is ſaid to be ſaturated with the 
Body it has diflolved ; yet a Fluid which 
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is ſaturated with one Body may afterwards 
diſſolve others of different Kinds, and 
keep all their Particles GR 9 
ther. 


When any Menſtruum has entirely diſ- 
ſolved a Body, it will continue as tranſ- 
parent as it was before; the Cauſe of 
which may be aſſigned from what Sir 
Tſaac Newton diſcovered by Experiments, 
viz. that the Particles of Bodies muſt be 
of a certain Size or Bigneſs to cauſe thoſe 
Reflections or Refractions of the Rays of 
Light at their Surfaces to which Opacity 
is owing; whence: he gives the Reaſon, 
why. ſome Bodies are opake and others 
tranſparent. He alſo obſerves, that the 
moſt opake Bodies (ſuch as Metals) bei 
diſſolved in an acid Menſtruum, and there- 
by reduced to their ultimate and fmalleſt 
Particles, do not take away the —_ 


mise, 


1 Hence we may always know how to diſ- 
tinguiſh a Solution from a Mixture. For, 
if, a Body be reduced to Powder and 
thrown into a Fluid that will diſſolve it, 

and 
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and they are then ſhaken. ſuddenly toge- 
ther, the Fluid will continue ſomewhat 
opake, till the Solution be effected, or 
till what remains undiſſolved falls to the 
Bottom; for in this Caſe, the Particles 
are not at firſt reduced to their ſmalleſt 
Size, as they always are in a. Solution. 
And therefore the Chymiſts conſider the 
Tranſparency of an heterogeneous Fluid 
(or one that contains in it Particles of ano- 
ther Body) as the Criterion of a true Solu- 
tion; and where that is wanting, it is only 
a Mixture; as when Water and Air ap- 
pear together in Froth, or in a Cloud, or 
a thick Miſt, it is only a Mixture of thoſe 
Bodies, and not a Solution of one in the 


This much being premiſed concerning 
the Nature of Solutions in general, I pro- 
ceed to the Proof of what I propoſed ;: 
and in Order to this, I ſhall ſhew that 
there is a mutual Attraction between Wa- 


ter and Air, the ſame that we obſerve be- 
tween the Particles of any two Bodies, one 
of which diſſolves the other. I ſhall then 

eompare, in ſeveral Inſtances, the Proper- 


ties 


—— — —— — 
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ties and Effects of common Solutions v 
with thoſe of Evaporation; that from the 
exact Reſemblance between theſe two 
Phænomena, it may appear that they are 
Effects of a like Kind, and therefore to 
be explained upon the ſame Principle, or 
aſcribed to the fame Cauſe. Thence I 
mall ſhew, how the Aſcent of Vapours, 
and ſeveral other Phænomena of the At- 
moſphere may be accounted for. And 
hftly, I ſhall add ſomething on the rifing 
of Steam from boiling Liquors, and ſhew 
wherein it differs from common Evapora- 
tion. & 100 0 ; | 


traction between the Particles of Air and 
Water. It is well known, that all Water 
contains a conſiderable Quantity of Air, 
that this Air retains its Elaſticity fo that it 
may be ſeparated from the Water by boil- 
ing and including it in an exhauſted Re- 
ceiver. It has alſo been proved by Expe- 
riments, that Air extricated from Water 
by boiling, and reſtored to its uſual Den- 
ſity, will ocupy a Space greater than that 
poſſeſſed by the Water in which it was 
E | con- 
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contained. Now ſince it is allowed that 
the Particles of ſo heavy a Body as Gold 
are ſuſpended in Aqua Regia by their At- 
traction towards the Particles of that 
Fluid, it ſeems reaſonable to ſuppoſe, that 
ſo light and elaſtic a Body as Air muſt be 
retained under Water by a hke Force, 
without which it would always aſcend to 
the Surface and eſcape. But that there is 
really ſuch an attractive Force between 
Air and Water, may be fully proved by the 
following Experiment. 


Let an Oil-Flaſk be filled almoſt full 
with Water, deprived of its Air as much 
as may be ; let the mouth of it be then 
ſtopped, until the Neck, being inverted, 
is immerſed in a Veſſel of Water; a Bub- 
ble of Air will then aſcend into the upper 
Part of the Flaſk, When Things have 
ſtood in this Way for ſome Days, the 
Water will be found to have abſorbed the 
whole Bubble of Air (if it was not too 
large) and entirely filled the Flaſk. But 
if the Bubble was too large, Part of it 
will be left; for the Water, after ſome 
Time, will abſorb no more Air, being 

N ” then 


12 ON THE ASCENT 


then ſufficiently ſaturated with it. It is 
obſervable that the included Air enters 
pretty quickly into the Water at firſt, but 
afterwards very ſlowly. This Experiment 
ſhews that Water, when deprived of its 
Air, will again draw the Air gradually 
into its Pores; juſt in the ſame Man- 
ner as a Lump of dry Sugar will draw up 
Water into its Pores, which will aſcend 
pretty quickly at firſt, but very flowly after 
ſome Time. We have Reaſon therefore 
to conclude, that there is the ſame kind 
of Attraction between Air and Water, 
that there. is between Water and any 
dry porous Body that will imbibe it. 


As Water contains a conſiderable Quan- 
tity of Air, ſo does Air contain a good 
deal of Water, even when we think it 
quite pure and dry ; as appears from the 
Moiſture drawn from it by dry Salt of 
Tartar, in ſuch Quantity as to make the 
Salt become entirely fluid. Now ſince 
the Air is an heterogeneous Fluid con- 
taining in it Particles of another Body, 
and yet retaining a perfe& Tranſparency, 
which is the Criterion of a true Solution 
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in other Caſes ; why ſhould we not infer 
from Analogy, that in this Caſe alſo there 
is a true Solution of Water in Air? 


But the Truth of this will be confirmed 
by farther comparing the Properties of 
common Solutions with thoſe of Evapo- 
ration; which 1 ſhall now do in IN 


Inſtances. 


25 Firſt; When 2 Body is immerſed in a 
Fluid that diſſolves it, for Inſtance a Lump 
of Salt in Water, we fee the Salt ſoon 
begin to diſſolve, and impregnate with its 
Particles the Water that furrounds it, which 
will then appear thick and loaded, and if 
the Water be at Reſt the Solution will pro- 
ceed very ſlowly ; - but if it be ſtirred about, 
the Salt will ſoon be entirely diſſolved. 
How exactly does this correſpond with 
what Dr. alley remarked in an Experi- 
ment he made on the Evaporation of Wa- 
ter in a cloſe Room ? (Philo. Tranſ. No. 
192.) © The ſame Obſervations, ſays he, 
© do likewiſe ſhew an odd Quality in the 
«© Vapours of Water, which is, that of 
** adhering to the Surface that exhales 
them, which og clothe as it were 
| „with 
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*. with a Fleece of vapourous Air, which 
% once inveſting it, the Vapour riſes at- 

* terwards in much leſs Quantity.” Here 
fra that the Air which lay at reſt over 
the Water appeared thick and loaded with 
poration proceeded very ſlowly ; quit as. 
the Water that lies about the Salt, appears 
thick and loaded, and while it continues 
at reſt, the Salt is diſſolved but ſlowly. 
He alſo obſerves on the ſame Occaſion, 
that Evaporation is vaſtly promated by a 
Current of freſh Air paſſing over the ex- 
haling Surface: and this I have no doubt 
happens for the ſame Reaſon that Solu- 
tion is greatly promoted by Agitation, 
which continually brings freſh Particles of 
the Fluid into Contact with the Body it 
diſſolves, in the Place of thoſe that have 
been already ſaturated. [4] 


Secondly ; 


i This Fleece of vapourous Air that ſome- 
Emes hangs over Water, is very diſcernable 
when we ſtand by the Sea-ſide in a hot calm 
Day, and is the Cauſe of ſome odd Appearan- 


ces. NOT the, lower part of the Air, which is 
then 
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Secondly; Into a Glaſs of clear cold 
Water throw a Lump of Salt, and when 
it has ſtood a little Time, ſtir it very gent- 
ly, and the Water which is ſaturated with 
the Salt will riſe up among the reſt in cur- 
led Wreaths or long Striæ, which will ren- 
der the Whole ſome what opake, cauſing 
it to refract the Rays of Light in different 
Directions, which will make an Object 
feen through it appear to have a tremulous 
Motion; this will continue until all, Parts 
of the Water are equally impregnated with 
the Salt, and then its. Tranſparency will be 
reſtored. As the Parts of the Water which 
are impregnated with the Salt are of diffe- 
rent Denſities. from the reſt, while they 


are. mixing together, they muſt occafion 
thoſe Refractions and this apparent tremu- 


then much impregnated with Water, refrafts 
the Rays of the Light more ſtrongly than st 
other Times, and by this unuſual Degree of Re- 
fraction, Houſes on the Shore at a Diſtance from 
us appear almoſt as high as Steeples, remote 
Ships and Iſlands and the extreme Parts of 
Head-lands or Promontories appear to be raiſed 
quite out of the Water, and to hang in the Air 
above its Surface, | 


C2 lous 
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lous Motion, which will ceaſe as ſoon as 
all the Water becomes of the ſame Denſi- 
ty. The very ſame Appearances will at- 
tend the mixing together of any two 
Fluids which have different Denſities, 
and will thoroughly incorporate with 
each other. 


In like manner, when Smoke or Steam, 
iſſuing from the Pipe of a boiling Vellel, 
firſt riſes into the Air, it appears in curled 
Wreaths, and renders the Air opake ; but 
as ſoon as it is entirely diſperſed, the Tran- 
ſparency is reſtored. Thus alſo in a calm, 
hot, Sun-ſhine Day, when we look along 
a moilt piece of Ground, the Air and any 
Objects ſeen through it appear to have a 
tremulous Motion, like that which we ob- 
ſerve in an Object, ſeen through two Flu- 
ids which are mixing together. Now, 
as the Vapours riſe here in great Abun- 
dance and the Air has but little Motion, 
thoſe Parts of it that are much impregna- 
ted with aqueous Particles are mixed gra- 
dually with the Air above it that is drier 
and of a different. Denfity ; which will 
occaſion Refractions of the Light, and 

| that 
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that apparent tremulous Motion, juſt now 
mentioned; and in this Caſe, the Solu- 
tion of Water in Air (if I may yet venture 
to call it by that Name) is carried on in a 
Manner viſible to the Eye, as Solutions 
are in other Fluids. The ſame tremulous 
undulating Motion is more obſervable, 
when we look in warm Weather through 
a Teleſcope, which magnifies the Vapours 
floating in the Air: and from this kind of 
Re fraction the twinkling of the Stars ſeems 
to ariſe; with this Difference only, that 
the watery refracting Particles in the Day- 
time are paſſing into a State of Solution x 
whereas the Vapours already diſſolved are 
by the Cold of the Night beginning to pre- 
cipitate, and return into Particles large 
enough to cauſe Refractions in the Light 
of the Stars. 


Thirdly ; Heat promotes, and Cold in 
ſome Meaſure ſtops, or checks both Solu- 


tion and Evaporation. Very hot Water 


will diſſolve Salt ſooner and in a greater 
Quantity than cold Water; and if a ſtrong 
Solution of Salt be made in hot Water, 
the Water when cold will let go ſome of 


C 3 the 
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the Salt before diſſolved, which will fall 
to the Bottom in ſmall Particles or ſhoot 
| into Chryſtals. Juſt ſo will Water evapo- 

| rate faſter in warm than in cold Air ; and 
| the aqueous Vapours, ſuſpended in the 
Air during the Heat of the Day, fall down 

at Night and form themſelves into Drops 

of Dzw, or if the Night be very cold ap- 
pear next Morning Chryſtalized, in a 
| Hoar-rrosT. And thus if in a hot Day 
a Bottle be filled with any very cold Li- 
quor, and expoſed to the warm Air, which 
| to us ſeems very dry, a Dew will be ſoon 
| formed on the outſide of the Bottle; for 
the Air about it being cooled will let go 
Part of its Moiſture, which will be attract- 
ed to the Surface of the Glaſs; for the 
ſame Reaſon a Dew is formed on the In- 
tide of the Windows of a warm Room, 
which on their Outſide are expoſed to the 
cold Air. In like Manner, the Moiſture 

| breathed out from the Lungs of Ani- 
mals becomes viſible in very cold Air, 


which cannot keep that Moiſture in a 
State of Solution, as warm Air will do. 
Hence alſo we may obſerve, that as there 
cannot be ſo continual and copious an 
Evaporation 
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Render in cold weather, the Air will 


hben be generally clearer than it is in hot 


Weather. 


Heat ſeems to promote Solution, be- 
cauſe it expands Bodies, and thereby en- 
larges their Pores, and leſſens the coheſive 
Attraction of their Particles; ſo that a Bo- 
dy, when hot, will more eaſily admit a 
diſſolving Fluid into its Pores, and its Par- 
ticles, cohering together leſs ſtrongly than 
when cold, will more readily quit each 
other, and unite themſelves to the Particles 
of the Fluid by which they are attracted; 
and for the ſame Reaſon Heat will alſo 
promote the Evaporation of Fluids. 


But fourthly ; The Quantity of a Body 
diſſolved, and of a Fluid evaporated, in a 
given Time, depends (ceteris paribus) on 
its Quantity of Surface. Thus a Body 
reduced to Powder is ſooner diſſolved than 
it is in a concrete Form; and thus Smoak 
or Steam (which is Water reduced to very 
ſmall Particles by Heat) is much ſooner 


diſperſed and incorporated with Air, than 
Water 
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Water i in its uſual Form. Thus likewiſe 
the Moiſture, which adheres to a cold po- 
liſhed Plate of Glaſs or Metal, when we 
breathe upon it, is immediately dried up | 
by the Air, becauſe it is exceedingly thin 
and has a very great Surface. 


_  Fifthly; Chymiſts obſerve, that when 
Sea-Salt, Sal Ammoniac, or Nitre, is diflolv- 
ed in Water, or eſſential Oils in Spirit of 
Wine, ſome Degree of Cold is produced 
in the immediate Act of Solution; and 
the quicker the Solution, the greater is the 
Cold. By diſſolving pounded Ice, or ra- 
ther Snow (whoſe Particles have a greater 
Surface) in Spirit of Nitre, a Degree of 
Cold has been produced ſo great as to 
freeze Quick-fſilver. Cold is likewiſe pro- 
duced in the Act of Evaporation. For if 
Spirit of Wine, or Ether, be rubbed 
hghtly with a Feather over the Ball of a 
Thermometer, it will fink as the Spirit eva- 
porates ; and the quicker the Evaporation, 
the faſter will the Thermometer ſink; 
thus I have made Water freeze in a thin 
Glaſs merely by the Evaporation of ther 


promoted 
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promoted by a Current of Air. That 
Cold is produced by the Evaporation of 
Water appears from the Practice of Sailors, 
who, in hot Climates, cool their Liquors 
by wrapping the Veſſels in wet Cloths, and 
hanging them up-where they are much ex- 
poſed to the Wind, and wetting the Cloths 
again when they become "ye | 


This Obſervation ſhews a very remark- 
able Agreement between the Natures of 
Solution and Evaporation : How the Cold 
is produced in either Cafe, I cannot pre- 
tend to ſay ; but I muſt beg leave juſt to 
apply this Fact, to account for a Thing 
which 1 believe moſt People have taken 
Notice of. If we rub Hungary Water, or 
any other volatile Spirit over our Hand, 
it will feel much colder than Water, tho 
they will both feel equally cold, if we dip 
our Finger into. each. The Reaſon of 
which is, that the Spirit evaporating much 
quicker than the Water, produces thereby 
a greater Degree of Cold. And fo Xther, 
if it be applied in the ſame Way, will feel 
colder 


——— —-— ——— — — 
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colder than any other Spirit on Account 
of its more ſudden Evaporation. 


Sixthly; It is known, that rectiſied 
Spirit of Wine, when purged of Air, will 

imbibe a large Bubble of Air in a much 
ſhorter Time than Water will do, and 1 
have myſelf experienced the Truth of this, 
which ſhews that there is a ſtronger At- 
traction, or Aſinity (as the Chymiſts call 
it) between Spirit of Wine and Air, than 
between Water and Air, and ſince the Spi- 
rit evaporates: much faſter than the Water, 
I thank we may conclude from hence, that 
the Evaparation of Fluids ariſes from an 
attractive Force between their Particles 
and thoſe of Air. [3] But here it muſt be 

* 3 


[el As Water and Spirit of Wine are in no 
Degree viſcid, they may evaporate in Propor- 
tion to the Attraction between them and Air. 
But the Caſe is very different in ſuch Fluids as 
are viſcid; for tho” I found that Oil of Olives, 
when purged of Air, will imbibe a Bubble of 
Air almoſt as ſoon as Water does, yet the Eva- 
poration of Oil, is ſcarcely (if at all) ſenſible, 
The Reaſon of which muſt be, that the Attrac- 

| tion 
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obſerved that the Spirit is not only more 
ſtrongly attracted by the Air than Water 
is, but, being alſo. more eafily rareed by 
Heat, its Particles ſeem to cohere together 
more flightly than thoſe of Water, and 


therefore may be more eaſily ſeparated by 
the Attraction of the Air. 


Seventhhy; 


tion between Air and the Oil is not able to over- 
come the Tenacity of its Particles and ſeparate 
them from each other, tho' it is ſufficient to 
draw into the Oil the Particles of Air, which 
have no Attraction towards each other; juſt as 
Water is drawn into a Sponge, tho” the Attrac- 
tion of the Water is not able to ſeparate the Par- 
ticles of the Sponge from each other. It might 
perhaps be ſuppoſed that the Water contained 
in the Air may defend: the Oil from the Attrac- 
tion of the Air, and thereby prevent the Oil 
from evaporating; but if this were the Caſe, 
the ſame Water would alſo defend the Air from 
the Attraction of the Oil, which we ſee it does 
not. The Particles of Oil, like thofe of all other 
Fluids, may indeed be ſeparated from each other 
and driven into the Air by a violent Heat ; but 
this Effect muſt be diſtinguiſhed from common 
Evaporation, as will appear from what is ſaid in 
. the latter part of this Eſſay. 


3 
L 
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Seventhly ; If into any Menſtruum we 
throw a Body, which it diffolves, and af- 
terwards add another, to which the Men- 


ftruum has a greater Affinity than it has to 


the firſt, it will diſſolve the ſecond Body, 
and let go the firſt, which will be precipi- 
tated and fall to the Bottom. In the very 


ſame Manner will a Fluid let go the Air 


it contains, upon the Addition of another 
Body to which it has a greater Afhnity 
than it has to the Air. Thus if to well 


_ reQtified Spirit of Wine we add an equal 
Quantity of clear Rain-water, theſe Fluids 
(which ſo readily incorporate) having a 
greater Affinity to each other than to the 


Air they contain, will let go a great 
Part of that Air, which will rife to the 
Top, or adhere in ſmall Bubbles to the 
Sides of the Veſſd. This, I think, ſhews 
that Air is contained in theſe Fluids, in 
the ſame Manner that the Particles of a 


Body are contained in a Menſtruum that 


diſſolves it; and hence 1 conclude that 


the Air which is imbibed by any Fluid is, 


properly ſpeaking, diſſolved in that Fluid; 


and conſequently that any Fluid which 


evaporates, 
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evaporates, or is imbibed by the Air, is al- 
ſo, properly ſpeaking, diſſolved in Air. Up- 
on this Principle we may ſay, that Water 
is drawn out 'of Air by dry Salt of Tar- 
tar, from its having a greater Athnity to 
that Salt than to the Air. 


I ſhould not have been ſo tedious in 
comparing together the Natures of Soluti- 
on and Evaporation 1 in ſo. many Inſtances, 
but that it gave me an Opportunity at the 
ſame Time of explaining ſome of the 
Phenomena that I at firſt intended to con- 
fider; which Explanations I believe will 
be admitted, if I am right in the main 
Point I have endeavoured to prove. And 
really when we conſider how exactly Solu- 
tion and Evaporation agree, in their ſeve- 
ral Appearances, Properties and Effects, I 
think we muſt be convinced that they are 
natural Operations of the ſame Kind, and 
that what we call Evaporation, is nothing 
more than a gradual Solution of Water in 
Air, produced and promoted by the ſame 
Means (to wit) Attraction, Heat, and 
D Motion 
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Motion, by which other Solutions are ef- 
tected. 


I ſhall now endeavour to account for 
ſeveral Phænomena of the Atmoſphere 
upon this Principle, which will be ſtill 
further confirmed, if it be found to an- 
{wer the Purpoſe to which it is applied. 


The loweſt Part of the Air being preſſ- 
ed by the Weight of the Atmoſphere 
2gainſt the Surface of the Water, and con- 
tinually rubbing upon it by its Motion, 
has thereby an Opportunity of attrafting 
and diſſolving thoſe Particles with which 
it is in contact and ſeparating them from 
the reſt of the Water. And fince the 
Cauſe of Solution in this Caſe is the 
ſtronger Attraction of the Particles of Wa- 
ter towards the Air, than towards each 
other, thoſe that are already diſſolved and 
taken up, will be ſtill further raiſed by the 

Attraction of the dry Air which lies over 
them, and thus will diffuſe themſelves, ri- 


ſing gradually higher and higher, and 
Web, leave the wen Air not ſo much 


_ ſaturated, 
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ſaturated, but that it will be ſtill able to 
diſſolve and take up freſh Particles of Wa- 
ter. And thus Ice or Snow will evaporate 
as well as Water, its Particles being attract- 
ed and diſſolved by the Air, which is 
ſtrongly preſſed againſt its Surface; for 
tho' Heat promotes both Solution and 
Evaporation, yet we do not find that in 
either Caſe any ſenſible Dur of it is ab- 


lonely neceſſary. 


In this Manner will Ag uEOUs Varours 
ASCEND ſlowly into the Atmoſphere, even 
when we ſuppoſe the Air almoſt at reſt, 
for I believe it is never perfect ſo. But 
the Solution of Water in Air, and the 
Aſcent of Vapours, is greatly promoted 
by the Motion of the Winds, which bring 
freſh and drier Air into the Place of that, 
which, may be already ſaturated and loaded 
with Moiſture, carrying it, together with 
its Moiſture, - into the higher Parts of 
the Atmoſphere, / and "EY it into all 
N. 


If we ſhould now ſuppole the Atmo- 
ſphere to remain always in the ſame State 
: D 2 as 


28 ON THE ASCENT 

as to Heat and Cold, and to have always 
the ſame Denſity ; when it was once fatu- 
rated with Water, all Evaporation would 
ceaſe, and the Vapours already raiſed 
would always remain ſuſpended; for a 
Fluid, while it retains the fame Heat and 
Denſity, will never let go the Particles of 
a Body that it has diſſolved. We muſt 
therefore conſider what are the Cauſes 
which occaſion the Air ſometimes to part, 
with the Water it has diſſolved, and which 
thereby keep up a continual Circulation of 
Vapours; and theſe I ſhall ſhew to be the 
frequent Viciſſitudes of Heat and Cold, 
Condenſation and Rarefaftion, to which 


the Atmoſphere i is ſubject. 


As to the Effects of Mews and Col, I 
n e that the former pro- 
motes, and the latter checks, or in ſome 
Meaſure hinders Evaporation as well as 
other Solutions; of which I gave an In- 
ſtance in the Vapours that are ſuſpended 
during the Heat of the Day, but by the 
Cold of the Night are precipitated and ſuf- 
fered to coaleſce into Drops of Dew. 

| From 


O F VAT OU RS, &c. 29 


From the Snow's lying ſo long on the 
Tops of Mountains, we find that the high- 
er Parts of the Atmoſphere are much 
colder than the lower. Now tho Va- 
pours are firſt raiſed, and abound moſt in 
the lower Parts of the Atmoſphere, yet 
they cannot there be formed into Clouds, 
| becauſe the Heat that helped to diſſolve 
them, helps alſo to keep them diſſolved. 
But. when they are carried by the Winds 
into the higher Parts, where the ſame 
Heat is wanting, the cold Air will not be 
able to keep in a State of Solution all that 
are carried up, but muſt ſuffer ſome of 
them to coaleſce into ſmall Particles, which 
ſlightly attracting each other and being in- 
termixed with Air will form Crovups, 
having the very ſame Appearance with 
Steam or Smoke, which alſo conſiſts of 
{mall Particles. of Water mixed with Air, 
and not yet difſolved in it. Theſe Clouds, 
when firſt formed, will remain ſuſpended, 
tho' they conſiſt of Water, as well as Air; 
becauſe the Weight of their Particles will 
not be able to overcome the Reſiſtance they 
muſt meet with in deſcending through the 
'D3 Air. 
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Air. For when Bodies are diminiſhed, 
their Quantities of Matter to which their 
Weights are proportional, decreaſe faſter, 
or in a greater Ratio, than their Surfaces 
to which the Reſiſtance they meet with is 
proportional, and therefore in very ſmall 
Particles, this Reſiſtance may become 
greater than their Weight. The different 
Heights at which Clouds are formed, de- 
pends on the Quantity of Vapours carried 
up, and the Degrees of Heat in the upper 
Parts of the Atmoſphere ; for the Vapours 
may always aſcend till they meet with Air 
ſo cold or ſo thin that it is not able to keep 
in a State of Solution all that are carried 
up; hence Clouds are generally higher in 
Summer than in Winter. When Clouds 
are much increaſed by a continual Addi- 
tion of Vapours, and their Particles are 
driven cloſe together by the Force of the 
Winds, they will run into Drops heavy 
enough to fall down in Rain. Sometimes 
the Clouds are frozen before their Par- 
ticles are gathered into Drops, and then 
ſmall Pieces of them, being condenſed and 
made heavier by the Cold, fall down in 
| thin 
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thin Flakes of Sxow, which appear to be 
Fragments of a frozen Cloud; but if the 
Particles be formed into Drops, before 
they are frozen, they become Hait- 


STON Es. 


When the Air is redes with Vapours, 
and a cold breeze ſprings up, as it often 
does from | the Sea, the Solution of theſe 
Va apours is checked, and Clouds are form- 
ed in the lower Parts of the Atmoſphere, 
and compoſe what we call a Misr or Fos. 
This generally happens in a cold Morning, 
but when the Sun has been up for ſome 
Time, the warm Air again diſſolves thoſe 
watery Particles, and it frequently clears 
up. | 


In a hot Summer's Day, the Air lying 
over wet Marſhy Ground is copiouſly fill- 
ed with aqueous Vapours, till the Air 
growing cooler after Sun-ſet will not be 
able to keep all thoſe Vapours diſſolved, 
but muſt let ſome Part of them unite 
quickly into very ſmall viſible Particles, 
and form thoſe Miſts which appear to riſe 

from 
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from Marſhy Grounds in a Summer's 
Evening. The Vapours near the Ground 
being more denſe and copious, will be firſt 
affected by the cold, and afterwards thoſe 
that are thinner and higher up, ſo that the 
Miſt will be low at firſt, but will are 
in Height afterwards. _ _ 


After a warm and unclouded Day in 
Summer there falls abundance of Dew, 
and the Air ſcarce recovers its clearneſs 

'rill towards Morning, when it is pretty 
well cooled; but on the firſt Return of 
Heat, at Sun-riſe or a little before it, the 
Water, which is then plentifully ſpread 
over the Ground and the Leaves of Trecs 
and Plants in very ſmall Drops, begins 
again to diſſolve, and while it is diffolving 
occaſions that Haziness ſo obſervable in 
a hot Summer's Morning about Sun-riſe, 
and for ſome Time after. Here it may be 
proper to. obſerve, that when the Particles 
of Water are of a certain Size, they will 
render the Air equally opake, whether 
they are paſſing into a State of Solution, 
or returning from it. | | 


Thoſe 
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Thoſe cold thick Morning Fogs I men- 
tioned juſt now are often attended with a 
very light fmall Rain; for the Vapours are 
then returning faſt from a State of Solu- 
tion, and we ſee the Drops, at their firſt 
Formation, and they are ſuch as we gene- 
rally meet with in paſſing over high 
Mountains, where we are 'in or near the 
Clouds. So that it feems the Drops of 
Rain are very {mall when firſt formed in 
the Clouds; but being driven about by 
the Motion of the Air in their Deſcent, 
ſome of them will touch each other and run 
into a Drop of a larger Size, and the grea- 
ter Space they fall through, the more will 
their Size be encreaſed before they come 
to the Ground. And for this Reaſon, the 
Drops which fall from the higher Clouds 
in Summer are found to be generally lar- | 
5 than they are in Winter, when the 

ouds are 5. It has been like wiſe ob- 
ſerved, that the Drops of Rain are remark- 
ably large that fall in ſudden Thunder- 
Showers; of which the Reaſon may be, 
that the Lightning burſting from a Cloud 
and expanding itſelf greatly, will ſuddenly 


remove 
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remove the Air from its Place, which Air 
muſt therefore return to its Place wich 
great Violence, ſo that the watery Par- 
ticles in the Clouds, ſtrongly agitated and 
driven againſt each other, will form them - 
ſelves into larger Drops than at other 
Times. Or perhaps it may be ſaid, that 
when a Cloud is filled wich Lightning, 
which is the ſame as the electric Matter, 
the qi Particles, like other electriſied 
Bodies, will repel each other, but being 


ſuddenly deprived of this repelling Matter, 
will by their mutual Attraction come toge- 


ther again with ſome Velocity, 1 
fore will run into en _— 3 
_— Tf . 53 Nails - 2x] 161 


When the Wind tis from the South, 
it is generally warm and comes LENIN | 
with aqueous Vapours which it has diſ- 
ſolved, but coming into a colder Climate 
it cannot there keep the ſame Quantity of 
Vapoum in a State of Solution as it did 
before, and conſequently muſt part with 
ſome, of them and let them precipitate ; 
and therefore Southerly Winds generally * 
bring 
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bring us Rain. On the other Hand, 
when the Wind blows from the North, 
or any point near it, as it is very cold it 
cannot have diſſolved a great deal of aque- 
ous Vapours where it came from, and 
therefore coming into a warmer Climate 
it is ready to diſſolve more. And on this 
Account theſe Winds, if they continue 
long, are found to be very dry and parch- 
mg, and are generally attended with fair 
_ Weather. ; | 


Thus we ſee that the Air, according to its 
different States in reſpect to Heat and Cold, 
will diffolve and take up, or let go and 

precipitate the aqueous Vapours, in conſe- 
quence of which we ſometimes perceive 
Changes of the Weather, even when there 
is no Change in the Denſity of the Air, or 
conſequently in the Heszht of yo s 
meter. ; 


:, 


{Bok n and Rarefaction will 
alſo have the like Effects in promoting the 
Solution of Water in Air, or in occaſion- 
ing ſome Part of what has been diſſolved 


tO 
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to return again into Water and precipi- 
tate. It ſeems reaſonable to ſuppoſe, that 
denſe Air in which the Particles lie near 
each other, will be better able to diſſolve 
and keep ſuſpended a Quantity of Water, 
than the ſame Air when diffuſed through 
a greater Space, And that this is really ſo, 
we have an experimental Proof. For 
when a Receiver is partly exhauſted, we 
ſec the rarefied Air begin to-let go the Wa- 
ter it contained, which gathering into 
ſmall Particles appears like Steam or 
Smoke falling to the Bottom. In order 
to prove the ſame thing by other experi- 
ments, when a Cup-of Water, or rather - 
Spirit of Wine (which evaporates faſter) 
had ſtood for ſome Time in a cloſe Re- 
ceiver full of Air, I rarefied this Air ſud- 
denly, by letting it ruſh into another Re- 
ceiver that was exhauſted, and immedi- 
ately the Vapour, that was before ſuſpend. 
ed, gathered into fmall Particles and fell 
down. in a very viſible Shower. I alſo 
took from the Air-pump a large exhauſt- 
ed Receiver 20 Inches long, havingat the 
Bottom a Braſs. Plate, with a 'Stop-cock 


in 
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in the Middle of it, when the Stop- cock 
was opened, the external Air ruſhing in 
violently, and being much rarefied, let go 
the Water it contained, and threw it 
againſt the other end of the Receiver, 
where it ſtuck on the Glaſs, and covered 
it with a thin Dew, which I found to en- 


creaſe until the Receiver was almoſt. "_ 
of Aur. 


| Theſe wa prove, that Air, 
when rareficd, cannot keep as much Wa- 
ter diſſolved as it does in a more condenſed 
State. And hence we muſt conclude, that 
when the Atmoſphere is ſaturated with 
Water, and changes from a denſer to a 
rarer State, the higher and colder Parts 
of it eſpecially will begin to let go ſome of 
the Water before diſſolved; which will 
form new Clouds, or add to the Size or 
Number of the Particles before formed, 
and thereby render them more apt to fall 
down in Rain. On the contrary, when 
the Atmoſphere changes from a rarer to a 
denſer State, it will then be able to ſtop 
the Precipitation of the Water, and again 
| E diſlolve 
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diſſolve in the Whole, or in Part, ſome of 
thoſe Clouds that were formed before, and 
. conſequently will render their Particles leſs 
apt to run into Drops and fall down in 
Rain. And thus we generally find. by 
Experience, that the rarefied and conden- 
ſed States of the Atmoſphere are reſpec- 
tively attended with Rain or fair Wea- 
ther. Though this does not happen at all 
Times, for the Air, tho' rarefied, may not 
then abound much with aqueous Vapours, 
baving already parted with a good deal of 
them. - So likewiſe when the Air is denſe 
and heavy, it may then be ſo much loaded 
with aqueous Vapours, that we may have 
Rain even before we can perceive by the 
Barometer, that the Atmoſphere my 
ien 100 U 


Upon 


Ts] The n nailed into che Atmoſphere 
will certainly add ſomewhat to its Weight, but 
the Difference of the Quantity of Water con- 
tained in the Air at one Time and at another 

cannot make any conſiderable Change in its 


Oe For the 1 of Rain has been 


accurately 
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Upon this Principle, I think we may 
account for the Changes of the Weather, 
which uſually attend the rifing and falling 
of the Mercury in the Barometer, better 
than by ſaying, that when the Air grows 
rarer and lighter; it cannot, by the Laws 


accurately meafured that falls (communibhus annit) 
in ſeveral, Parts of Europe, and by taking thefe 
Quantities at a Medium, I find that in any one 
Place there will generally fall, one Year with 
another, as much Rain as would amount alto- 
gether to the Height of 28 Inches, which is 
equivalent in Weight to two Inches of Mercury; 
if therefore we were to fuppoſe this whole 
Quantity of Rain to be ſuſpended in the Air at 
one Time, and then to fall before any more Va- 
pours were taken up, the Mercury in the Baro- 
meter would, on that Accoint, fall two Inches. 
But we cannot make ſuch a Suppoſition, for the 
Rain falls in ſmall Quantities. and at different 
Times, and the aqueous Vapours are again ta- 
ken up into the Air immediately; ſo that the 
Difference in the Quantity of Water ſuſtained 
in the Air, at one Time more than at another, 
can add by its Weight but very little to the 
Height of the Mercury in the Barometer, pro- 
bably not ſo much as the tenth Part of an 


Inch. s 8 
"Ev" - of 
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of Hydroſtatics, ſo well ſupport the Clouds 
and Vapours, and therefore muſt permit 
them to fall down in Drops of Rain. For 
when the Air grows/ rarer, although the 
Clouds will deſcend, into a lower and den- 
ſer Part of it, yet they will be there ſup- 
ported, and 1 do not fee why their Par- 
ticles ſhould be more apt to run into Drops 
there, than when they were higher up, un- 
. Teſs they received ſome Addition from the 
Water depoſited among them by the rare- 
fied Air, in the Manner .I have juſt now 
mentioned. For ſince the Air is rarefied 
gradually, the Clouds can "deſcend but 
very flowly, and therefore. their Particles 
will not be ſo much preſſed, together by 
the Reſiſlance they meet with in their De- 
ſcent, as they generally are by the Winds 
which blow upon them. 6:2 


When nen is Aut with | 
Water, and grows, colder and rarer than 
it was before, we ſhall then perceive the 
lower Air begin to part with fome of the 
Water it contains; which will fall inſenfi- 
bly to the Ground, or adhere to the Walls 

of 
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of Houſes, or other Bodies expoſed to it, 
and make them become damp or wet. 
And if the Moiſture ſettles on the ſmooth 
Surfaces of cold Bodies, ſuch as Marble 
or other Stones, "whoſe Pores cannot im- 
bibe it, it will cover them with a kind of 
Dew, and then theſe Bodies are vulgarly 
faid to SwraT. At this time the Hygro- 
meter being affected by the Moiſture will 
point to WET, and as we perceive from 
| thence; that the Air is diſpoſed to part 
with the Water it contains, we may gene- 
rally expect Rain. But when the Air 
again grows warm or denſe, it will be able 
again to diſſolve and take up the Water it 
before depoſited, and the Moiſture on the 
Bodies expoſed to it will diſappear, the 
Hygrometer will point to DRY, and 


we may then Promiſe Wu fair Wea- 
ther.” * 


T obſerved before ® that if a Bottle be 
filled with a very cold Liquor and ON 

* page 18. 
E 3 to 
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to warm Air, a Dew will ſoon be formed 
on its Surface, by the Moiſture which the 
cooled Air depoſites. Now if we ſuppoſe 
this Body ſtill to retain, the ſame Degree of 
Cold whilſt the Air paſſes over it, the Dew 

on its Surface will continually. encreaſe and 
run down its Sides in ſmall Streams of 
Water, This ſeems to be exactly the, Caſe 
of Mountains whoſe Tops: reach into. the 
tolder Parts of the Atmoſphere, and which 
therefore are themſelves colder than the 
Air in general, For when the Wind 
blows the lower Parts of the Atmoſphere 
(wbich are the warmeſt and moſt replete 
with Vapours) againſt the Sides of the 
Mountains, it being there ſtopped in its 
Courſe, muſt neceſſarily aſcend and paſs 
over their Tops; this Air will therefore 
be conſiderably. cooled in its Progreſs up 
the Sides and over the Tops of the Moun- 
tains, and conſequently muſt let go a great 
Part of the watery, Vapours it contains; 
which will be precipitated in Dew and 
Moiſture, upon the Surface of the Moun- 
tains where it will ſink into the earthy 
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Parts, or inſinuate itſelf into the Chinks 

and Crevices of Rocks, and being there 
collected will afterwards break out in 
Senixcs and FouNxrAlxs, and become 
the Source of RIvERS, which are known 
to take their Riſe in Mountainous Coun- 
tries. And on this Account we might 
have ſmall Springs and Rivers near Moun- 
tains, tho' there were neither Clouds nor 
Rain. But the Moiſture which the Air 
uſually depoſites on the Mountains muſt be 
conſiderably encreaſed by the Clouds 
which are driven againſt them, and accu- 
mulated by the Winds, for their Particles 
being then preſſed together will run into 
ſmall Drops of Rain. Befides, it is well 
known that Mountains gather and retain 
the Clouds about them by their Attrac- 
tion, in Conſequence of which we often 
ſee ſome Clouds continue at Reſt on the 
Mountains, whilſt others at a Diſtance are 
carried on gently by the Wind. Hence it 
is that Countries in the Neighbourhood of 
high Mountains are the moſt ſuhject to 
frequent Rains, . 


Thus 
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Thus I have ſhewn how the Aſcent of 
aqueous Vapours and their conſtant Cir- 
culation, by precipitating again in Moi- 
ſture and Drops of Rain, vill ariſe from 
the diſſolving Power of the Air, influenced 
hy the Viciſſitudes of Heat and Cold. 
Condenſation and Rarefaction; which 
Cauſes, as they take Place in different De- 
grees, will occaſion thoſe various States of 
the Atmoſphere in Reſpect to Dryneſs or 
Moiſture, which we experience in the ſe- 
veral Changes of the Weather. To which 
the Winds contribute very much by heat- 
ing or cooling, condenſing or rarefying 
the different Parts of the Atmoſphere, and 
by promoting the Solution of Water in 
Air, as they mix thoſe Fluids together, or 
(when the Air is already ſaturated with 
aqueous Vapours) by preſſing together the 
Particles in the Clouds, and thereby cauſ- 
ing them to run into Drops. 


If we may thus, from the known Pro- 
perties of Solution, account in a ſatisfacto- 
ry Manner for the Aſcent and Circulation 
of + Vapours, and the ſeveral Phz- 
bs nomena 
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nomena of the Atmoſphere ariſing from 
thence ; it muſt be a great Confirmation 
of the Arguments brought to prove that 
Evaporation is only a particular Species of 
Solution; and therefore that they both 
proceed from the ſame Cauſe, viz. the At- 
traction that obtains between the minute 
Particles of different Bodies, which is the 
Means of carrying on ſo many other Ar 
rations of Nature, 


And indeed upon this Principle, Air 
ſeems better fitted to be a general Solvent 
than any Fluid we know of; becauſe. its 
Particles, not a each other, are 
more at Liberty to unite themſelyes to the 
minute Particles of ſuch Bodies as they do 
attract. And accordingly we find the At- 
moſphere contains in it Matter of all 
Kinds. The odoriferous Particles of Bo- 
dies ſeem to be ſtrongly attracted by the 
Air, as they are fo very readily diſperſed 
thro it; and Camphor, which i a very 
light volatile Body, may be entirely dif- 
ſolved in Air without leaving any Remain- 
der, The Air abounds with Vitriohe and 

. other 
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other Acids, as is plain from the ruſting of 
Iron expoſed to it. It abounds alſo with 
ſulphurous, nitrous, and other inflamma- 
ble Particles, as appears by the frequent 
Meteors kindled in it. For we have ma- 
ny Subſtances, ſuch as ſtrong Acids and 
effential Oils, which being thrown toge- 
ther will unite with ſuch Violence as ſud- 
denly to burſt into a Flame; and therefore 
when the Particles of thoſe Bodies, float- 
ing promiſcuouſly in the Air, happen to 
come together in a fufficient Quantity by 
their mutual Attraction, (which we know 
is very Nrong] they muſt kindle into a 
Flame, and if many Particles of che in- 
flammable Kind lie ontiguous,,. the Fire 
will run in a Train and Form, what we 
call, ſhooting Stars, and other blazing Me- 
teors. In ſhort, the Atmoſphere may be 
confidered as s Chaos containing Particles 
of all Sorts of Bodies; and as the great 
Inſtrument of Nature for keeping up a ge- 
neral Circulation of Matter ; and by which 
not only Water is every where diſperſed, 
but oftentimes the Eggs of Inſefts and the 
1 Seeds 
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Seeds of Plants are conveyed from Place to 
to Place, both which have been found in 
Rain- water, on examining it carefully uſt 
after it had fallen; and indeed we ſome- 
times ſind Inſects and Plants in ſome Pla- 
ces where their Appearance cannot well be 
accounted for, otherwiſe than by ſuppoſing 
their Eggs and Seeds to be conveyed hin 
ther by the Air. 68 15 N | 


| 1 ſhall now mention two other a 
in which this diſſolving Power of the Air 
produces Effects of the utmoſt Impor- 
tance. Dr, Boerhaave, ſpeaking of that 
Power or Qualit of Air, which makes it 
neceſſary for the Preſervation of Animal 
Life, calls it a certain hidden Virtue, not 
to be accounted for from any of the Pro- 
perties of Air then diſcovered. Perhaps 
we may be led to ſome Knowledge of it, 
by conſidering on what Account Air may 
become unfit for Reſpiration by paſſing 
two or three Times thro the Lungs of an 
Animal, for we find that an Animal in- 
cloſed in ſuch Air will ſoon r . Lg 


e . oe enum 
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think we may be ſure that one Purpoſe, at 
leaſt, for which Air was deſigned is, the 
carrying off that Moiſture and other per- 
ſpirable Matter which conſtantly exhales 
from the Lungs, for this we know it actu- 

ally does. Now as Air loſes nothing of 
its'Elaſticity by | paſſing 'thro' the Lungs, 
an Animal might {ti continue to breathe 
the ſame Air, and it would ſtill continue 
fit for all ſuch Purpoſes in the Animal 
Oeconomy as may be anſwered by the al- 
ternate Expanſion and Contraction of the 
Lungs in Reſpiration. But this Air muſt 
in a ſhort Time become faturated with that 
which it meets with in the Lungs, and muſt 
then loſe its Power of diſſolving and carry- 
ing off any more of that Kind of Matter ; 
which Nature intends ſhould be conftant- 
ly diſcharged, and which will therefore 
continually encreaſe and thereby oppreſs 
the Lungs, heat the Blood, or produce 
ſuch other noxious Effects as are more 
immediately fatal than thoſe arifing from 
the Stoppage of external Perſpiration. So 

A that 
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that an Animal incloſed in ſuch Air can- 
not live long, and will perhaps die fome- 
what in the ſame Manner as if it had been 
drowned. [x] Whether the Air we 
breathe may depofite, in our Lungs, any 

Kind 


ſz] As Air even when incorporated with 
Water retains its Elaſticity, I took it for grant- 

ed that it would not become leſs elaſtic by paſſ- 
ing thro' the Lungs of an Animal. But finding 
that the contraty Opinion was held by ſome, 
who ſuppoſed that Air, having paſled thro' the 
Lungs of an Animal, became unfit for Reſpira- 
tion by loſing its Elaſticity, 1 reſolved to try 
how the Fact was by the following Experiment. 
In a Receiver, eight Inches in Diameter and 
twelve Inches high, having under it a Piece of 
oiled Leather, I included a pretty large Chic- 
ken, and tied the Receiver cloſe down to the 
Table ; thro' a Hole in the Top of the Recei- 
ver went a Glaſs Tube, open at both Ends, ce- 
mented round the Hole with Wax; the lower 
End was immerſed in Water, (tinged blue) 
which ſtood in a Glaſs under the Receiver. 
In about an Hour after the Chicken was in- 
cluded it grew much diſtreſſed, gaped wide and 
breathed with great Difficulty, and in half an 
Hour more it ſeemed almoſt ready to expire; 
the 

F 
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Kind of Matter neceſſary to the Support 
of Life, I cannot pretend to judge, nor is 
| | it 


the Infide of the Receiver was then covered 
with Moiſture, which in ſome Places ran down 
in Drops. | 

Now if the included Air had loſt any of its 
Elaſticity by paſſing thro? the Lungs of this Ani- 
mal, it could not have preſſed fo ſtrongly on 
the Water in the Glaſs as it did at firſt, and 
then the external Air would have preſſed thro* 
the Tube, and appeared coming up through the 
Water in Bubbles. But no ſuch Thing hap- 
pened, for as ſoon as the Receiver was tied 
down, the Water in the Tube roſe about one 
Afth of an Inch above the Water in the Glaſs, 
and fo continued during the whole Time of the 
Experiment, except that it roſe and fell near 
one tenth of an Inch every Time that the Chic- 
ken breathed ; and theſe Vibrations of the Wa- 
ter in the Tube I obſerved grew flower, and 
moved thro' a greater Space towards the latter 
End of the Time ; which ſhewed that the Chic- 
ken then took in more Air every Time it breath- 
ed, than it did at firſt, endeavouring thereby to 
throw off the Moiſture which then oppreſſed 
its Lungs. After Things had ſtopped thus 
above an Hour and a Half, thoſe who ſaw the 

: Air 
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it my Deſign to enquire; what has been 
ſaid ſhews the Neceſſity of freſh Air in 
Reſpiration, and by what Property it is 
adapted to anſwer one very important 
Purpoſe, and alſo how Air may ſoon be- 
come unfit for that Purpoſe. But here I 
will venture to aſk, whether it is not pro- 
bable, that, in the conſtant and quick Eva- 
poration of Moiſture from the Lungs, 
ſome Degree of Cold may be produced, 
as in other Evaporations, which, together 
with the freſh Air taken in, may ſerve to 
cool the Lungs and the Blood paſſing thro 
them We may ſee from hence that 


moiſt Air muſt be very unwholefome by 


its not ſufficiently. promoting the ne- 
ceſſary Perfpiration, both internal Ne 
external. "" 


Air is not leſs neceffary for the Support 
of Fire than of animal Life; for Fire will 


Air had not loſt any of its Elaſticity, though 
grown quite unfit for Reſpiration, the Animal 


| being ready to expire in it. 
wy F 2 not 
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not long continue to burn without a Cir- 
culation of Air. Now I ſuppoſe this hap- 
pens, not from its adding any Thing to 
the Pabulum of Fire, (for Fire ſeems to be 
otherwiſe ſufficiently provided with Pabu- 
lum) but rather on this Account; that the 
Air immediately about a Body on Fire is 
heated and made ſpeciſically lighter than 
the Air at ſome Diſtance from it; This 
hot Air muſt therefore aſcend and carry 
with it all thoſe minute Particles of diffe- 
rent Kinds which are thrown off from the 
burning Body, and which would other- 
wie reſt upon its Surface, and thereby clog 
and ſtop the ſubtile Vibrations of the 
burning Matter, in which the Nature of 
Fire partly conſiſts. If therefore Fire be 
confined in a cloſe Place, where there can 
be no Circulation of freſh Air, the Air 
about it, being ſoon. ſaturated with the 
Particles ariſing from the burning Matter, 
will not be able to take up any more of 
them, and therefore the Fire muſt go out, 
{ſmothered as it were with ſuch Particles 
as are no longer combuſtible. And hence 
, it 
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it is that Fire burns faſter when Air is 
ſtrongly blown upon it, for then the Aſhes 
are carried off as faſt as they are formed 
on the Surface of the burning Body, and 
thereby the Particles that have juſt taken 
Fire are kept quite free from any Thing 
that can impede and clog their vibratory 
Motion. The Air in this Caſe will alfo 
ſpread the Fire quickly thro the Fuel, by 
blowing the Particles that are already kin- 
dled among thoſe that are not; and per- 
haps the Motion of the Air in this Caſe 
may promote the ſubtile Vibrations in the 
burning Matter by which the Fire is pro- 
pagated thro' its Parts. As the Air con- 
tains many ſubtile Particles of the inflam- 
mable Kind, it is not improbable that theſe 
mixing with the groſs burning Matter may 
help to preſerve and enliven the Fire; but 
I think it moſt probable that Air ſupports 
Fire chiefly by carrying off ſuch. Particles 
as are burned out, and would therefore 
obſtruct the Progreſs of the Fire; becauſe 
we find that the ſtrong elaſtic Steam of 
Water driven violently out of the Pipe of 
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nan * Zolipile, which will carry off thoſe 
Particles, will alfo blow up and increaſe 
the Fire as well as Air driven from the 


Bellows, although the Steam does not con- 
tain any inflammable Particles. | 


To this general Obſervation, that Air is 
- neceſlary for the Support of Fire, we muſt 

admit one Exception; for Nitre will burn 

in a cloſe Veſſel, or in Vacuo, The Cauſf; 
= of this ſingular Phænomenon I ſhall 
deavour to aſſign from what has 
ſaid. Nitre, when ſet on Fire, burns with 
more Rapidity and Violence than any Bo- 
dy we know of, its burning is a kind of 
Exploſion, and produces a very fierce and 
elaſtic Flame, for which Reaſon it is a ne- 
ceſſary Ingredient in Gun-powder, Pulvis 
* and all other fulminating Com- 

pounds. 


An Fohjile is a hollow Globe of Iron or 
Copper, into which is ſcrewed a long Pipe, 

— whoſe End is commonly bent into a Curve: it 
Has a very ſmall Orifice, out of which the Steam 
iſſues with great Violence, when Water is 


| boiled in the "Or See it delineated in 
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pounds. When therefore a Piece of Nitre 
takes Fire, its elaſtic Flame drives off the 
Fumes and Vapours (with which the Air 
in the Veſſel may be then ſaturated) and 
defends the burning Matter, ſo that they 
cannot ſettle upon it and extinguiſh it, as 
they do other Bodies that burn ſlowly and 
without any Exploſion. And on this Ac- 
count Nitre, and other inflammable Mat- 
ter mixed with it, will burn in cloſe Veſ- 
ſels, or even in Vacuo. This will further 
appear from conſidering the Manner in 
which Nitre firſt takes Fire, and the Rea- 
ſon of its exploding Quality. Nitre will 
not burn by itſelf tho melted and made 
red hot, but when it comes in Contact 
with any Body actually on Fire, and 
which therefore contains an inflammable 
Matter, or (as it is called) the Phlogiſton, 
it burſts into a Flame. Here the Chy- 
miſts ſay, that the acid Spirit of the Nitre 
unites ſo rapidly with the Phiggiſton, which 
is detached from the burning Matter, that 
by the Violence of their Congreſs they 
both vaniſh together in a Flame. And 
© they 
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| they prove this to be ſo, by throwing 
ſtrong Acid of Nitre on any thick efſential 
Oil, which conſiſts almoſt wholly of the 
Phlogiſton, for then the Mixture will ſud- 
denly burſt into a Flame with a violent 
Exploſion. Therefore fo long as Nitre 
and the inflammable Matter are thus in 
Contact, no Fumes or Vapours floating 
about them can prevent that rapid Union 
between their Parts which muſt neceſſari- 
ly make them continue to burn. The 
Air, which is produced from burning 
Nitre, may poſſibly add to the Elaſticity 
of its Flame. But I do not think it pro- 
bable that this Air can contribute much 
to keep a large Quantity of Nitre burn- 
ne 
0 ee 


Having thus ſhewn by what Property) 
Air produces the Evaporation of Fluids 
and ſeveral other Effects, I come now to 
treat of thoſe Vapours that are raiſed 
merely by Heat. Although the Particles 
of Fluids in common Evaporatio 


n are 
raiſed 
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raiſed into the Atmoſphere by the attract- 
ing and diſſolving Power of the Air, yet 
in ſome particular Caſes Vapours will be 
raiſed by other Cauſes. For in ſome Pla- 
ces the Earth often ſends forth hot elaſtic 
Vapours that riſe into the Air by means 
of their Elaſticity, and carry up with 
them Mineral and Foſſile Particles of diffe- 
rent Kinds. Fermentation generates elaſ- 
tic Vapours which expand themſelves into 
the Air. And the Particles of Water and 
other Fluids, when ſufficiently heated, 
acquire a repelling Force which ſeparates 
them from the ſurface, and throws them 
upwards into the Air. But all theſe Va- 
pours ſoon loſe that Elaſticity. by which 
they were at firſt raiſed, and they muſt 
then be retained and kept ſuſpended in the 
Air by the ſame Power that keeps up all 
the Vapours that riſe without any Elaſti- 
City in common Evaporation. 


That the Particles of Steam which riſe 
from hot Water are endued with a repell- 


ing Force, appears plainly when Water is 
boiled 


perhaps ſee preſently. But the moſt re- 
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boiled in a cloſe Veſſel, for then the Steam 
becomes ſo exceedingly elaſtic that it will 
burſt the ſtrongeſt Veſſel. In this Caſe 
the boiling Water, being ſtrongly preſſed 


by the Force of the included Steam, con- 


ceives a much greater Heat than it will 
ever do in an open Veſſel; for even when 


Water is boiled in the open Air it is 


ſomewhat hotter when the Atmoſphere is 
heavy, than when it is light, which ſhews 
that Preſſure upon boiling Water encrea- 
fes its Heat; the Reaſon of which we may 


markable Phænomenon that attends the 
boiling of Water, is 'the large. Bubbles 
which continue to rife from the Bottom 


ſo long as the Water boils, and long after 
all the Air is driven out of it, concerning 


whach there have been various Opinions. 
Dr. Boerhaaue, in his Elements of Chym:ſtry,: 
proves by ſeveral Arguments, that theſe 
Bubbles do not ariſe from Air, and with 
Regard to their Production, he ſeems to 


be of the ſame Opinion with Stairs, (to 
whoſe Work he refers) that they ariſc 


from 
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from ſome active Fires reſiding in the Wa- 
ter. Marriotte, whom he alſo mentions 
on this Occaſion, calls theſe Bubbles Ful- 
minalions, and ſuppoſes that they may pro- 
ceed from ſome Kind of ſaline Particles 
contained in the Water, which, being 
heated, act in the ſame Manner that the 
Aurum fulminans does when heated. It 
has been alſo a received Opinion that theſe 
Bubbles are occaſioned by ſome ſubtile 
elaſtic Fluid tranſmitted from the Fire 
through the Bottom of the Veſſel, and 
this, I think, was the Opinion of Homberg. 
However I conceive that a Fluid fo ſubtile 
as to paſs thro' the Bottom of the Veſſel, 
would paſs alſo thro' the Water ſo eafily 
as not to diſturb it ; and therefore I have 
for ſome Time ſuſpected, that theſe Bub- 
bles are formed only by an elaſtic Steam, 
in the Manner I ſhall now deſcribe. The 
Particles on the Surface of the Water, 
long before it boils, will, by means of the 
repelling Force which the Heat introduces 
among them, riſe in Steam, and will inſi- 
nuate themſelves into the Air which yields 
2 ky 
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eaſily to them; but thoſe Particles that 
are preſſed againſt the Bottom, by the 
Weight of the Atmoſphere, and of the in- 
cumbent Water; will require a greater De- 
gree of Heat to render them ſo elaſtic that 
they ſhall be able to overcome this Preſ- 
ſure, and expand themſelves into a greater 
Space. Now fince Heat expands Water 
and makes its Particles repel each other, 
according to its different Degrees, we muſt 
ſuppoſe that theſe Particles, from their 
being in Contact with the Bottom of the 
Veſſel, will at length acquire ſuch a De- 
gree of Heat as will give them a repelling 
Force ſufficient to overcome the Preſſure 
they ſuſtain, and to expand them ſud- 
deny into | thoſe large Bubbles that 
aſcend | thro' the Waſhes when it boils 
EY: | | 


I * lately made Tome Obſervations 
and Experiments which ſeem to confirm 
this Opinion. Theſe Bubbles which aſf- 
cend from the Bottom, I obſerved, always 
grow leſs in their Progreſs upwards, and 

Ty | thoſe 
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thoſe ſmall Bubbles, that adhere to the 
Bottom for ſome Time before they aſcend, 
often diſappear entirely before they reach 
the Surface, which ſhews that when the 
Matter they contain, or any Part of it, 
loſes the Heat it had at firſt, it is again 
turned into Water. 


When Water that has juſt boiled, or is 
even conſiderably leſs hot than boiling 
Water, is poured into a Glaſs and ſet un- 
the Air is almoſt drawn out, the Water 
che Fire, the Bubbles breaking out from 
all Parts of it. In this Cafe, no ſubtile 
Fluid can be ſuppoſed to riſe thro the 
Bottom of the Veſſel, but the Heat which 
the Water retains will then give its Par- 
ticles: an elaſtic Force ſufficient to over- 
come the Preſſure of what little Air re- 
mains in the Receiver, and will expand 
them into Bubbles. And that theſe Bub - 
bles are compoſed of Steam appears plain- 
ly from this Experiment, for as ſoon as 
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they begin to aſcend the Receiver is filled 
with Steam, which being condenſed by the 
Cold runs plentifulhy down its Sides in 
Water. From hence we ſee the Rea- 
ſon why Water in Vacuo boils with way 


{mall Degree of Heat. 


After a Veſſel of Water had boiled till 
M1 the Air-Bubbles were driven out of it, 
I turned upon its Mouth a large Glaſs that 
lay on its Side under the Water; the Bub- 
bles, that aſcended -under the Glaſs, re- 
mained im the upper Part of it, and for- 
ced out the Water it before contained, and 
then the elaſtic Matter in the Glaſs over 
turned it, and aſcended to the Top in one 
large Bubble, upon which the Steam on 
the Surface was much encreaſed. Now 
this ſhews that the Matter contained in 
theſe Bubbles, which at firſt is quite tranſ- 
parent, being a very rare and homogene 


.ous Fluid, appears afterwards like Steam 
when it is mixed with the Air. But I 
thought I ſhould make a concluſive Expe- 
riment if I could obſerve the Effects of a 

| very 
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very hot Steam conveyed under boiling 
Water. Therefore when an alipile had 
boiled till all the Air was driven out of the 
Water it contained, without taking it off 
the Fire. I immerſed its Pipe into a Veſ- 
ſel of Water which had juſt been boiled, 
and immediately the Steam that iſſued 
from the Pipe roſe up in very large Bub- 
bles thro' the Water, and made it appear 
to boil violently. I then held a large 
Glaſs of cold Water, ſo that the Pipe of 
the boiling Æolipile was immerſed in it; 
at firſt none of thefe Bubbles appeared, 
for the Steam, being then condenſed by 
the cold Water, was mixed thro' it, making 
a very loud and uncommon Noiſe: but 
as ſoon as the Water in the Glaſs grew 
very hot; this Noiſe ceaſed, and the 
Steam, being no longer condenſed, roſe 
in large Bubbles, as before, and made 
the Water appear to boil with are 
lence.” | 


Fee 
ſeem to diſcover fully to us the Nature 
G 2 of 


64 ON THE ASCENT 


of thoſe Bubbles that afcend thro' boil- 
ing Water; and lead me to make 
ſome further Remarks on the Degrees of 
Heat that different Liquors acquire in 


— 


The Parts of a Fluid neareſt the Bottom 
of a Veſſel grow hot firſt, and being then 
expanded and made lighter, they aſcend 
and change Place wick the colder and hea- 
vier Parts, which occaſions that inteſtine 
Motion we perceive in Liquors while they 
are-growing hot. And thus the Heat of 
the Whole will continue to increaſe, until 
thoſe Particles, that are in Coutact with 
the Bottom of the Veſſel, acquire ſuch a 
Degree of Heat as will give them a repell- 
ing Force ſufficient to overcome the 
Weight of the Atmoſphere, the Weight 
of the incumbent Fluid, and the Tenacity 
of ĩts Particles, and then they will be ſud- 
denly expanded into Bubbles of Steam, 
and aſcend quickly to the Top, without 
communicating this Heat to the ſurround- 
ing Fluid. For as theſe Bubbles have a 
i | - Degree 


'OF VAPOURS, sc. 65 
Degree of Heat but little ſuperior to that 


of the Fluid, and juſt ſufficient to keep 
them expanded, if they were to loſe any 
of it, by communicating it to the Fluid in 
their Aſcent, they would all diſappear be- 
fore they got to the Surface, as the very 
{mall ones do which aſcend but ſlowly ; or 
if the whole Fluid was to grow at once as 
hot as the Bubbles, it would, like them, 
be all turned into an elaſtic Steam. And 
therefore the Fluid itſelf cannot grow hot- 
ter than it was when theſe Bubbles began 
to aſcend ; but muſt all boil away in the 
fame Degree of Heat. | x | Provided it be 
ſuch a Fluid as will not grow denſer or 
more viſcid and tenacious by boiling, and 
of this Kind are Mercury, Water, Spirit 
of Wine, and ſeveral others, for theſe Flu- 


[] That theſe Bubbles are really hotter than 
the other Parts of the Fluid, I found by immerſ- 
ing a Mercurial Thermometer with Fakrenhext's 
Scale into a Veſſel of boiling Water, for it roſe 
one Degree higher when held among the Bub- 
bles, Where they were moſt numerous, than it 
did in the other Parts of the Water. 
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ids are found to boil reſpectively witls 
600, 212, and 175 Degrees of Heat, and 
afterwards they do not grow hotter. The 
Reaſon of which is plain, for whilſt the 
Preſſure upon a Fluid, and its Denſity and 
"Tenacity continue the ſame, the ſame De- 
gree of Heat will always be ſafficient to ſe- 
parate its Particles and expand them into 
Steam; which is the greateſt Effect chat 
Fire can produce on any Fluid without 
actually inflaming it. Hence it is obvious 
that an additional Preſſure on boiling Li- 
quors, or an encreaſe of their Denſity or 
Tenacity, will, by keeping their Particles 
more flrongly together, enable them to 
bear a greater Degree of Heat before they 
are into Steam and begin to bail. 
It & very obſervable that all oily Liquors, 
which refrat the Rays of Light more 
much greater Heat in bothng. Thus Oil of 
Turpentine and other thin eſſential Oils, 
chat are procured by Diſtillation, boil with 
- about 360 Degrers of Heat, which, how- 
ever as the boiling continues is always 
1 9 , encrealing ; 
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encreaſing ; the more volatile Parts fly- 
ing away, and leaving the Reſidue thick- 


er, more viſcid, and ſuſceptible of mom 
Her. 


Common vegetable and animal Oils 
begin to boil with 600 Degrees of Heat, 
which is the ſame with that of boiling 
Mercury, and therefore is the greateſt 
Heat that can be meaſured by a Mereurial 
Thermometer. But it has been found, by 
the Expanſion of an Iron Rod, that Oils 
grow continually hotter by boiling, and 
at length their Heat encreaſes ſo . 
that they burſt into Flame. 


There is indeed one Oberste 
which, if true, would contradict what I 
have ſaid as to the Heat of boihag Liquors 
being in ſome Meafure owing to their Viſ- 
cidity;; for it is commonly ſaid that Tar, 
which is a viſcid Liquor, bois wath fo 
{mall a Degree of Heat, that the Work- 
men ſkim the Droſs off it with their 
Hands, * to be only the 
Appearance 


— 
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Appearance of boiling, for having placed 
a Veſſel of Tar on the Fire; as ſoon as 
the Thermometer ſhewed it to be a little 
hotter than the human Blood, a great 
Quantity of Air roſe out of it in Froth 


- and Bubbles, carrying up ſome Droſs with 


it, and then I could eaſily bear to hold my 
Finger in it; but ſoon after, when the Tar 
began really to boil, the Thermometer roſe 


as high as it does in boiling Water, and was 


ſtill riſing. - For Tar, when one Half of 


it is boiled away, becomes Pitch; and it 


is well known that boiling Pitch is hotter 
than boiling Water; fo that this Experi- 
ment correſponds exactly with the Theory 


L have laid down in Regard to the Heat 


8 

| Hicherto we Fon een 
Effects of ſuch Degrees of Heat as are 
great enough to expand Liquors into large 
Bubbles and make them boil, or to raiſe 
a. viſible Steam from their Surface, but 1 
find it neceſſary (for a Reaſon I ſhall men- 


III to conſider alſo the Effe&s 
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of the leſſer Degrees of Heat, down to that 
which is juſt ſufficient to 1 1 in 
A State of E | 


It is generally allowed that Heat keeps 
Bodies fluid, by caufing their Particles in 
fome Meaſure to repel each other, and 
thereby preventing them from coming in- 
to ſuch cloſe Contact as would render 
them hard. Now I ſhall ſhew from Ex- 
periments that all Degrees of Heat above 
what is neceſſary to keep Liquors fluid, 
will raiſe from their Surface (provided 
they are not viſcid) ſome kind of Steam, 
which, for Diſtinction's ſake, I ſhall call 
an Efluvium. Under a large Glaſs ſet a 
Cup of Water, not hot enough to emit 
any viſible Steam, and let the Glaſs be ex- 
poſed to the cold Air, a Dew will ſoon 
appear on its Inſide. Here an Efluvium 
is raiſed from the Water, but it riſes too 
ſlowly and in too ſmall a Quantity to be- 
come viſible till it is condenſed on the 
Glaſs. As Steam riſes from Hot Liquors 
more abundantly when the Preſſure of the 

Atmoſphere 


a * 
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Atmoſphere is taken away, it may be ſup- 


poſed that this Effluvium will alſo riſe ? 8 


more copiouſly from colder Liquors in the 
fame Caſe, as we ſhall ſee it really does by 
what follows. F rom a great Number of 
Experiments made with Spirit of Wine, 
of different Degrees of Strength, I found 
that, at a Medium, the Quantities loſt in 
the ſame Time in a cloſe Receiver full of 
Air, in one only half full of Air, in Air 
rarefied two and forty Times, and in the 
open _ were nearly 1 in the Proportion 
of 1, 125 6, and 48. The ſame Kind of 


Spirit was uſed in each Experiment, the 


Time was 24 Hours, and the Spirit was 
contained in equal Cups, ſo that their 
Quantities and their Surfaces were as near- 
ly equal as might be. That all the Spirit 
uſed in each Experiment might be in the 
ſame Circumſtances, before I put it into 
_ the Cups I drew from it all the Air I could 
| by the Air-pump, which could not rarefy 
the Air in the Receiver more than two 
and forty Times, it was neceſſary to do 


this, becauſe the Spirit Toft five or fix 
Grains. 


! ” 
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4 Grains in a few Minutes while the Air was 


4 drawing from it by the firſt Exhauſtion of 


Circumſtanoes; and as Water did not loſe 


the Receiver, and a Quantity leſs and leſs 
during the ſecond and third Exhauſtions. 


A Cup of Water, when in a warm Room, 


loſt one Grain on the firſt Exhauſtion, 
and when it had afterwards ſtood in the 
exhauſted Receiver for 24 Hours, it loſt 
two Grains and a Half, while the ſame 
Quantity of Water loſt 33 Grains in the 
open Air; but Ice that was thawing, or 
Water with Ice in it, did not loſe any 
Thing in the exhauſted Receiver, or in 
a cloſe Receiver full' of Air. Theſe Ex- 
periments were made in a large Room 
without a Fire, and the Fluids, whoſe 
Loſſes I compared together, had the ſame | 
Degree of * 


The Spirit of Wine, which is ſo eaſily 
rareſied by Heat, and which has always 
more Heat than is ſufficient to keep it 
fluid, loſt in every Experiment conſider- 
ably more than Water did in the ſame 


any 


1 
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any of its Weight, when it had not more 
Heat than was neceſſary to keep it fluid, | 
I think the riſing of an Effluvium from 
theſe Liquors' may juſtly be aſcribed to 
the repelling Force given to their Par- 
ticles by certain Degrees of. Heat. The 
Air in the Receiver did not centri- | 
bute to this Effect, but on the Contrary 
prevented it, in a great Meaſure, by its 
Preſſure, for the more Air was drawn: 
from the Receiver, the greater Quantity 
of this Effluvium aroſe. 1 obſerved, that 
when, the Air was rarched two and forty 
Times, the Eſfluvium that roſe from the 
Spirit, which was ſometimes near forty 
* Grains in twenty-four Hours, not being 
ſupported by a ſufficient Quantity of Air, 
and loſing its firſt Elaſticity by being very 
much expanded, fell by its Weight to the 
Bottom, and covered it and the lower 
Parts of the Receiver with Moiſture. But 
none, or very little, of this Moiſture ap- 
peared when only one Half of the Air 
was drawn out of the Receiver, for che 
Effluviam which then aſcended (amount- 
YA | * 
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ing generally to eight or nine Grains) was 
ſupported , by the remaining Air; but 
when I rarefied this Air ſuddenly, as 
in an Experiment before mentioned, 
(Page 36.) ; the. Efluvium: was imme - 
diately gathered into a. vaſt Number 
| of -viſible Drops, and fell to the Bot- 
tom. This plainly. ſhews that the Ef- 
fluvia which are raiſed from Liquors, 
by theſe very ſmall Degrees of Heat, 
cannot continue ſuſpended, unleſs they 
are ſupported by a lufhcient Gone 
of Air. + as yd | 


"ok Hodge it — mak) thats 
Experiments and Obſervations, in Or- 
der to obviate an which might 
be made to the Principle I have endea- 
voured to eſtabliſh. For, as it is found 
that Fluids loſe of their Weight both” 
in an exhauſted Receiver, and in the 
open Air, it might be ſaid that this 
both Caſes, and therefore that common 
Evaporation did not on the dif 
H ſolving 
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ſolving Power of the Air. But from 
theſe Experiments, I think, we might 


give a ſufficient Anſwer to ſuch an Ob- 


jection. For it appears, firſt ; that Ice, 
or Water that has no more Heat than is 
neceſſary to keep it fluid, loſe nothing 
of their Weight in an exhaufted Re- 
ceiver, tho' they loſe very conſiderably in 
the open Air. Secondly; The Quan- 
tity which, the Spirit of Wine loft by 
Evaporation in the open Air, was eight 
Times greater than what it loſt in the 


ſame Time by an Effluvium, when the 


Air in the Receiver was rarefied two and 
forty Times; therefore the Cauſe of Eva- 
poration muſt be a much more powerful 
one than that which raiſed the Effluvi- 
um. And further, the Quantity loſt by 
Evaporation was forty-eight Times grea- 
ter than what was loſt, in the ſame Time, 
by an Effluvium, when the Receiver was 

full of Air; | therefore, ſuppoſing the ſame 
EMuviui to-riſe from it in the open Air, 
ve muſt allow that of the whole Quan- 
= which the — of Wine loſt in 
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the open Air, one Part only in forty- 
eight could be owing to that Effluvium 
which is occaſioned mereh by its Heat, 
conſequently forty-ſeven Parts muſt have 
been carried off by ſome very powerful 
Action of the Air; which muſt alſo be 
the ſole Cauſe of the Evaporation-of Ice 
or very cold Water, which are found 
not to. emit any Effluvia in an exhauſt- 
ed Receiver. And this Action of the 


Air I have ſhewn to be its ty 
Power. 


Before we conclude, it may not be amils 
to take a general View of the important 
Purpoſes which Air is contrived to an- 
ſwer, and of the Means by which it is 
adapted to theſe ſeveral Purpoſes. By 
its Subtilty and Elaſticity it is capable 
of being eaſily taken into the Lungs of 
Animals; and by its attracting and diſ- 
ſolving Power it carries on that Perſpi- 
ration, both internal and external, which 
we find is neceſſary to the Preſervation 
of Life. By the ſame Power it takes 

| H 2 away 
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away the ſuperfluous ' Moiſture from 
Trees and Plants, and thereby promotes 
Vegetation, By the ſame Power it rai- 
ſes and ſuſtains aqueous Vapours, and 
its Heat or Denfity being diminiſhed, it 
returns them again in Rain and Dew, 
and thus keeps up a continual Circula- 
tion of Moiſture. By the fame Power 
it contributes to the Support of Fire, by 
carrying off from burning Bodies all fuch 
Fumes and Vapours as would otherwiſe 
extinguiſh them. 

By its Weight and Preſſure on the 
Surface of Fluids it keeps their Particles 
together, and enables them to bear (with- 


out being diſperſed in Steam) ſuch De- 


grees of Heat as are neceſſary for all 
thoſe Uſes to which boiling Liquors are 


applied. By the ſame Preffure it raiſes 


Water in Pumps and other Hydraulic 


And laſtiy; we may add to theſe, 
all the various — to which the 
Winds 
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Winds are ſubſervient; which are too 
many to be enumerated, and too well 
known to require being particularly 
mentioned. 
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45 1. N G obſerved. that ſome 
to revive the exploded Hypo- 
Lese theſis of an univerſal Plenum, 
bring Arguments in Favour of their Opi- 
nion from what Sir Jaac Neulon ſays of 
the Aſcent of Comet's Tails in a Direction 
oppoſite to the Sun; I was induced to re- 
conſider his Account of that Matter, which, 
I own, never appeared ſatisfactory ta me; 
tho 1 agree intirely with him that this 
| I 
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Phænomenon affords a ſufficient Proof of 
3 a Vacuum in the Celeſtial Regions. As this 
is a Subject of ſome Importance in Phyſics, 

1 ſhall, in the following Eſſay, firſt, men- 
tion ſuch Objections as occur to me againſt 
Sir Jſaac's Opinion as to the Cauſe of the 
Aſcent of Comet's Tails ;” and then offer 
ſome Conjectures that may poſſibly lead 
to a further Knowledge of this Subject, 
leaving them to be confirmed or over- 
thrown as future Obſervations and Expe- 
riments ſhall determine. For I think 
that Conjectures, or Hypotheſes, when 
rendered probable by ſome Experiments, 
and propoſed with Caution, may be of 
great Uſe by directing our 2 into 
* — certain — 


uber- 1 may bee mecbodlesly, 1 
ſhall begin by relating the Phænomena 
'of Comets as obſerved by Newton, and 
other accurate Aſtronomers, for I ſhall 
have Occafion to refer frequently to 


* = « * Re 
£2 £77 AS 4 * £1 ' 3, a 9 
2114 N «& +. - 1 $ * 8 4 * 


It 


AURORA BOREALIS, Ke. 83 

It appears that a Comet is a Kind of 
Planet which revolves round the Sun in 
a very excentric Orbit, and recedes much 
farther from the Sun in its Aphelion than 
any of the Planets; it is not viſible until 
it comes down into the Planetary Regions, 
and then appears ſurrounded with a denſe 
Atmoſphere, and' from the Side oppoſite 
to the Sun, ĩt emits a ſhining Train, which 
we call its Tail. It is at its firſt R | 
ance very ſhort, and encreafes as the Co- 
met approaches towards the Sun, and im- 
mediately after its Perihehon, the Tail is 
longeſt and moſt luminous, and then is 
generally obſerved to be fomewhat bent, 
and to be convex towards thoſe Parts to 
which' the Comet moves; the Convex 
Side being rather brighter and better de- 
fined than the Concave Side. When the 
Tail arrives at its greateſt Length, which 
in ſome Comets has been computed to be 
60 or 70 Millions of Miles, it quickly de- 
creaſes and ſoon vaniſhes entirely, about 
the ſame Time that the Comet itſelf ceaſes 
to be ſeen, 2 


Tail 


nud... 
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Tail is formed is exceedingly rare, and ſo 
very pellucid that the Light of the ſmalleſt. 
Stars ſuffers no Diminution in paſſing 
thro”. it, for Sir Jſaac Newton obſerves : 
The extraordinary Rarity of Comet's 
r from the Stars 
. without he 
Los of Splendor thro the Tails which 
© are of an immenſe: Thickneſs, and 
i we alſo illuminated eee ** 


8 Sun. 


"Theſe are. the ms of. 
Comets, and it is from hence we muſt de- 
duce whatever, we can know of the Sub- 
Nance of which. the. Tails. confilt, or of 
the; Reaſon why they are always thrown 


off from the Head of the Comet, in a Di- 


8 
rection 
» * KS 
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.. e infignis * \colligitur ex 
Aſtris per eas Tranſlucentibus.— Per Immenſam 
vero Caudarum Craſſitudinem, Luce pariter 
Solis illuftratam, Aſtra minima abſque Clari- 


tatis Detrimento tranſlucere noſcuntur. Princi- 


Pia, Page 513. Edit. ada. 
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rection nearly oppoſite to the Sun. And 
with theſe Phænomena I propoſe to com- 
received concerning this Matter. Sir 
Tjaac tells us, there. were three | different 
'Opinions about Comet's Tails, viz. that 
they were only Rays of the Sun propa- 
gated thro' the tranſparent Head of the 
Comet. Or that they aroſe from the Re- 
fraction of the Light in its Paſſage from 
the Head of the Comet to the Earth. 
Or, laſtly, that they confilted- of Clouds 
and Vapours continually rihng from the 
Head of the Comet, and going off in a 
Direction oppoſite to the Sun. The firſt 
and ſecond of theſe Opinions he refutes, 
and adopts the third, and proves by ſeveral 
Arguments, that the Tail muſt comſiſt of 
ſome Kind of Vapour arilmg continually 
from the Head of the Comet. The Cauſe 
of its aſcending always from the Sun, he 
aſſigns in another Paragraph, which I 
ſhall now quote at Length, tranſlating it as 
faithfully as I can; it is as follous : 
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The Aſcent of Tails from the Atmo- 
_ © ſphere of Comets, and their Progreſs 
towards the Parts oppoſite to the Sun, 
Kepler aſcribes to the Action of the Rays 
of Light, carrying with them the Mat- 
* ter of which the Tails conſiſt. And 
that ſo very thin an Air or Vapour 
ſhould yield to the Action of the Rays, 
in Spaces void of Reſiſtance, is not al- 
together againſt Reaſon; altho'-in our 
© Regions, clogged with reſiſting Matter, 
the ſolar Rays cannot ſenſibly impel 
< denſe Bodies. Others think that there 
may be ſome Particles of Matter in their 
* own nature light, as well as ſome that are 
heavy, and that the Matter of the Tails 
is of the former Sort, and by its Levity 
* aſcends from the Sun. But ſince the 
* Gravity of all terreſtrial Bodies is pro- 
portional to their Quantity of Matter, 
and cannot in the fame Body be increaſ- 
ed or diminiſhed, I ſuſpect that this 
+ Aſcent of the Tails ariſes rather from 
the RarefaQtion of their Matter. Smoke 
0 aſcends in a Chimney by the Impulſe 


of 
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© of the Air in which it floats; that Air, 
being rarefied by Heat and its- ſpecific 
* Gravity thereby diminiſhed; afcends and 
© carries the Smoke with it. Why then 
© ſhould not the Tail of a Comet aſcend in 
the fame Maner from the Sun? for the 

ſolar Rays do not agitate any Medium 
' thro' which they paſs, but in Reflection 
or Refraction, the reflecting Particles by 
that Action grow warm, and heat the 
- etherial Air (auram Atheream) with 
which they are mixed, which being ra- 
* refied by this Heat, and the ſpeciſie Gra- 
* vity by which it tended to the Sun be- 
ing thereby diminiſhed, it will aſcend 
and carry with it the reflecting Particles 
* of which the Fail is formed: it con- 
duces alſo to the Aſcent of theſe Va- 
pours that they revolve round the Sun, 
and therefore endeavour to recede from 
* it; while the Atmoſphere of the Sun 
© either is at Reſt, or revolves more ſlowly 
* with ſuch Motion as it can acquire from 
the Rotation of the Sun round its Axis. 
* Theſe: are the Cauſes of the Aſcent of 
I 2 * the 
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the Tails in the Neighbourhood of the 
Sun, where the Orbit has a greater Cur- 
vature, and the Comet moves in a den- 
fer, and therefore heavier Atmoſphere 
of the Sun, and then emits a Tail of a 
greater Length. For the Tails, which 
then ariſe, by preſerving their own Mo- 
tion, and at the ſame Time gravitating- 
towards: the Sun, will revolve about 
the Sun in Zllipſes juſt as their Heads: 
do; and by that Motion will always ac- 
company their Heads and adhere to- 
them moſt freely. For the Gravity of 
* thoſe Vapours towards the Sun will no 
more cauſe the Tails to fall from the 


— . . * * * 0 no — * 


Heads to the Sun, than it will cauſe the 


Heads to fall from the Tails, but they 
muſt both, by their common Gravity, 
fall together to the Sun, or both toge - 
ther be retarded in their Aſcent from it: 
and conſequently their Gravity will not 
© hinder the Heads and Tails of Comets 
* ealily to receive (from the above- 
mentioned or other Cauſes) any Poſi- 
tion whatever in reſpect to each other, 


or 
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© or to keep this Poſition afterwards moſt 
6 freely.” ® 


We find in this Account that Sir Jaac 
aſcribes the Aſcent of Comet's Tails to 
their being rarer and lighter, and moving 
round the Sun more ſwiftly, than the ſo- 
lar Atmoſphere, with which he ſuppoſes 
them to be ſurrounded, whilſt in the 
Neighbourhood of the Sun; he fays allo, 
that whatever Poſition (in Reſpect to each 
other) the Head and Tail of a Comet 
then receive, . they will keep the ſame af- 
terwards moſt freely, and in another Place 
he obſerves, © That the celeſtial Spaces 
muſt be entirely void of any Power of 
| « reſiſting, ſince not only the ſolid Bodies 

q of the Planets.and Comets, but even the 
* exceeding thin Vapours, of which Co- 
* met's Tails are formed, move thro' thoſe 
Spaces with immenſe Velocity, and yet 
* with the greateſt, Freedom. f— I can- 
not 5 509 thinking that this Account is. * 


* Principia, Page 324. } wid. 
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able to many Difficulties and Objections, 
and that it ſeems not very conſiſtent with 
itſelf, or with the Phænomena. 


I do not know that we have any Proof 
of the Exiſtence of a ſolar Atmoſphere of 
an conſiderable Extent, nor are we any 
where taught how to gueſs at the Limits 
of it. It is evident that the Exiſtence of 
fuch an Atmoſphere cannot be proved 
merely by the Aſcent of Comet's Tails 


from the Sun, as that Phænomenon may 


poſſibly ariſe from ſome other Cauſe. 
However let us ſuppoſe, for the preſent, 
that the Aſcent of Comet's Tails is owing 
to an Atmoſphere ſurrounding the Sun, 
and fee how the Effects ariſing from 
thence will agree with the Phænomena. 
When a Comet comes into the ' ſolar At- 
moſphere, and is then deſcending almoſt 
directly to the Sun, if the Vapours which 
compoſe the Tail are raiſed up from it by 
the ſuperior Denfity and Weight of that 
Atmoſphere, they muſt riſe into thoſe 
Parts that the Comet has left, and there- 
n . | fore 
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fore at that Time they may appear in a 
Direction oppoſite to the Sun, But as 
ſoon as the Comet comes near the Sun, 
and moves in a Direction nearly at right 
Angles with the Direction of its Tail, the 
Vapours which then ariſe, partaking of 
the great Velocity of the Comet, and be- 
ing ſpecifically lighter than the Medium in 
which they move, and being vaſtly ex- 
panded thro it, muſt neceſſarily ſuffer a 
Reſiſtance immenſely greater than what 
the ſmall and denſe Body of the Comet 
meets with, and conſequently cannot poſ- 
fibly keep up with it, but muſt be left be- 
behind, or, as it were, driven backwards 
by the Reſiſtance of that Medium into a 
Line direted towards the Parts which-the 
Comet has left, and therefore can no lon- 
ger appear in a Direction oppoſite to the 
Sun. And in like Manner, when a Co- 
met paſſes its Perihehon, and begins to aſ- 
ſcend from the Sun, it certainly ought to 
appear ever after with its Tail behind it, 
or in a Direction pointed towards the 
Sun ; for if the Tail of the Comet be ſpe- 
__ cifically 


; ſphere ſhould have Denſity and Weight 
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ciſically lighter than the Medium in which; 
it moves with ſo great Velocity, it muſt 
be juſt as impoſſible it ſhould move fore - 
moſt, as it is that a Torch moved ſwiftly 
thro the Air ſhould project its Flame and 
Smoke before it. Since therefore we find 


chat the Tail of a Comet, even when it is 


aſcending from the Sun, moves foremoſt 
and appears in a Direction nearly oppoſite 
to the Sun, I think we muſt conclude that 
the Comet and its Tail do not move in a 
Medium heavier and denſer than the Mat- 
ter of which the Tail conſiſts, and conſe- 
quently that the conſtant Aſcent of the 
Tail-from the Sun muſt be owing to ſome 
other Cauſe. For that the ſolar Atmo- 


ſufficient to raiſe up the Vapours of a Co- 
met from the Sun, and yet not be able to 
give any ſenſible Reſiſtance to theſe Va- 
pours in their rapid Progreſs thro' it, are 
two Things inconſiſtent with each other. 
And therefore, ſince the Tail of a Comet 


is ſound to move as freely as the Body 
does, we ought rather to conclude that 


the 


. ſays, the Vapours, of which the Tail of a 
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che celeſtial Spaces are void of all re- 
ſiſting Matter, than that they are filled 


with a folar Atmoſphere, be it ever * 
rare. 


But there is, I think, a further Conſi- 
deration which will ſhew that the received 
Opinion, as to the Aſcent of Comet's 
Tails, is not agreeable. to the Phænomena, 
and may at the fame Time. lead us to 
ſome Knowledge of the Matter of which 
theſe Tails conſiſt ; which I ſuſpetd is of 
a very different Nature from what it has 
been hitherto: ſuppoſed to be. Sir Hauc 


Comet conſiſts, grow hot by refleCting the 
Rays of the Sun, and thereby warm and 
rarefy the Medium which furrounds 
them ; which muſt therefore aſcend from- 
the Sun, and carry with it the refletting 
Particles of which the Tail is formed; for 
he always ſpeaks of the Tail as ſhining by 
reflected Light. But one would rather 
imagine, from the Phænomena, that che 
Matter which farms 2 Comet's Tail Bas 

not 
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not the leaſt ſenſible Power of reflecting 
the Rays of- Light. | For it appears from 
Sir Zfaac's Qbſervation, which 1 have 
quoted already, that the Light of the 
ſmalleſt Stars, coming to us through the 
immenſe Thickneſs. of a Comet's Tail, 
does not ſuffer the leaſt Diminution. And 
yet, if the Tail can reflect the Light of 
the Sun ſo copiouſly, as it muſt do if its 
great Splendor be owing to ſuch Reflee - 
tion, it muſt undoubtedly have the ſame 
Effect on the Light of the Stars; that is, 
it muſt reflect back the Light, which 
comes from the Stars behind it, and by ſo 
doing muſt intercept them from our Sight, 

its vaſt Thickneſs, and how 
exceedingly ſlender a Ray is that comes 
from a ſmall Star; or if it did not inter- 
cept their whole Light, it muſt, at leaſt, 
increaſe their Twinkling. But we do not 
find that it has even this ſmall Effect, for 
thoſe Stars that appear thro the Tail are 
not obſerved to twinkle more than others 
in their Neighbourhood. Since therefore 
* Fact is ſupported by Obſervations, 


what 
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what can be a plainer Proof that the Mat- 
ter of a Comet's Tail has no Power of re- 
flecting the Rays of Light? and conſe- 
quently that it muſt be a fſelf-ſhining 
Subſtance. But the ſame Thing will fur- 
ther appear, from conſidering that Bodies 
_ refle@t and refract Light by one and the 
ſame Power; and therefore if Comet's 
Tails want the Power of refracting the 
Rays of Light, they muſt alſo want the 
Power of reflecting them. Now, that 
they want this refracting Power appears 
from hence, if that great Column of tranſ- 
parent Matter which forms a Comet's 
Tail, and moves either in a Vacuum, or in 
ſome Medium of a different Denſity from 
its own, had any Power of refracting a 
Ray of Light, coming thro” it from a Star 
to us, that Ray mult be turned far out of 
its Way in paſſing over the great Diſtance 
between the Comet and the Earth; and, 
therefore, we ſhould very ſenſibly perceive 
the ſmalleſt Refraction that the Light of 
the Stars might ſuffer in palling through a 
Comet s Tail. The Conſequence of ſuch 
a Refraction 
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a Refraction muſt be very remarkable, the 
Stars that lie near the Tail would, in ſome 
Caſes, appear double, for they would ap- 
pear in their proper Places by their direct 
Rays, and we ſhould ſee their Images be- 
hind the Tail, by Means of their Rays 
which it might refract to our Eyes; and 
thoſe Stars that were really behind the 
Tail would diſappear in ſome Situations, 
their Rays being turned aſide from us by 
Re fraction. In ſhort, it is cafy to ima» 
gine what ſtrange Alterations would be 
made in the apparent Places of the fixed 
Stars by the Taik of Comets, if they had 

a Power of refracting their Light, which 
could nat fail to be taken Notice of, if any 
ſuch ever happened. But ſince Aſtrono- 
mers have not mentioned any ſuch appa- 
rent Changes of Place among the Stars, 
I take it for granted that the Stars ſeen 
thro” all Parts of a Comet's Tail appear in 
their proper Places, and with their uſual 
Colours, and. conſequently I infer that 
the Rays of Light ſuffer no RefraQtion in 
paſſing thro' a Comet's Tail. And thence 
I conclude 
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I conclude (as before) that the Matter of 
a Comet's Tail has not the Power of re- 
fracting or reflecting the Rays of Light, 
and muſt therefore be a lucid or ſelf⸗ 
ſhining Subſtance. 


| cine eee eee 
the Phænomena, it muſt appear, that the 
Tail of a Comet does not conſiſt of aque- 
ous or other Vapours, that ſhine by re- 
flecting the Light of the Sun, but is a ve- 
xy rare, tranſparent and lucid Subſtance, 
which has no Sort of Effect on the Rays 
of Light that paſs thro' it, and that it is 
thrown off from the dark Hemiſphere of 
the Comet in a Direction oppoſite; to the 
Sun, not by the ſuperior Weight and 
Denſity of any. circumambient Medium, 
but by ſome other Cauſe that has'not he's 
ans! ed. N an 1 | 

; 
This bene n bs al hav nts 
küge we can acquire of the Nature and 
Properties of chat Matter which forms the 
Tails of Comets, by attending merely to 
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the Phænomenon itſelf. But perhaps we 
may be able to extend this Knowledge 
ſomewhat further, if we could ſind any 
other Phænomenon in Nature which re- 
ſembles this of Comet's Tails, and can be- 
come acquainted with any Kind of Matter 
which they are formed. Now I have of- 
ten obſerved a Phænomenon that, I think, 
very ſtrongly reſembles'the Tail of a Co- 
met, both in its Appearance, and in the 
Nature of its Subſtance. We frequently 
ſee a very rare, tranſparent, and lucid 
Subſtance thrown off, in a Direction 
nearly oppoſite to the Sun, from the dark 
Hemiſphere of the Earth, and principally 
from the more Northern and colder Re- 
gions of our Atmoſphere. This Appear- 
ance is ſo luminous that it has been from 
thence called the Aurora Borealis ;} it is 
now ſo common and well known that I 
ſhall not deſcribe it particularly, and will 
only take Notice of thoſe Circumſtances 
in which it chiefly: reſembles a Comet's 
Tail. Thoſe Northern Lights never ap- 

| 8 Pear, 
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pear, at leaſt in any remarkable Degree; 
ſoon after Sun · ſet or before Sun · riſe, tho 
it may be then dark enough to make them 
viſible, but generally from about ten 
o Clock at Night till one in the Morning ; 
and the very long Streams of Light, which 
iſſue frequenth from the Northern Parts 
of our Atmoſphere, ſeem ſtill to tend to- 
Spectator is, and ſometimes get beyond 
the Zenith, and appear to the Southward 
of it; which ſhews that thefe Streams of 
Light tend towards the Vertex of the 
Earth's Shadow, that is, towards the Part 
of the Heavens which is oppoſite to the 
Sun. From the great Length of theſe 
Streams of Light, which ſeem always 
moving upwards, we may conclude that 
they extend to a great Height in the At- 
moſphere, and probably riſe far above it. 
For by the Accounts we have of an Au- 
rora Borealis, obſerved in England on the 
Sixth of March, 17 16, it was viſible from 
the Weſt Side of Ireland, to the Confines 
of Ru//ia and Poland, and probably farther 
| Fe to 
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to the Eaſt; ſo that it extended at leaſt 
over thirty Degrees of Longitude, and 
from about the fiftieth Degree of La- 
titude over almoſt all the North of Eu- 
rope, and at all Places it exhibited the 
lame - ns BE , at the — 
S5 er0 _ 1 | 


ö 


e this _ Body of — 115. 
ter which appears in an Aurora Borealis, 
being ſo very extenſive, and ſometimes ſo 
very bright, muſt be viſible to a Specta- 
tor placed at a conſiderable Diſtance from 
the Earth, and ſhaded from the ' Sun's 
Light; and ſuch a Spectator would then 
ſee the Earth attended by a Train of 
Light in the Form of a Tail. It would 
probably appear ſmall in Proportion to the 
Earth's Diameter, it would ſeem unſteady, 
changeable in its Shape, and of a ſhort 
Continuance; but whilſt it laſted; it muſt, 
both in its Direction, and in the Nature 
and a. ee of its Light, very much 
en 


1 Phil. Tranf, No. 347. 
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reſemble the Tail of 's Comet: And if 
ſuch a Spectator was to obſerve the Earth 
for a Year, he might perceive a further 
Reſemblance in this Reſpect between the 
Earth and a Comet; for as the Tail of a 
Comet appears only a ſhort Time before 
this luminous Matter rife from the Earth 
frequently whilſt it was moving from the 
Autumnal to the Vernal Equinox, thro* 
the Half of its Orbit that is neareſt to the 
Sun, and very feldom during the other 
Part of the Year, for we rarely ſee an 
Aurora Borealis in the Summer Months. 
Thus we find that the Matter of an Au- 
rora Borealis and that of a Comet's Tail 
are very like each other in their Appear- 
ance, and in their Situation, with Reſpe& 
to the Sun and the Bodies from which 
they flow. And if we examine further, 
we. ſhall find that they have exactly the 
ſame Properties ; for the Matter of which 
the Aurora Borealis conſiſts is not only ve- 
ry rare, tranſparent and lucid, but is alſo 
found to have no Sort of Effect on the 

| 158 K 3 0 Rays 


N 
| 
f 


102 ON THE NATURE OF THE 
Rays of Light, which pas chro it. This 


I have often obſexved, and particularly at 


one Time vhen there appeared here an 
Aurora Borealis, $ which for its Extent, 
for tho Quantity, Brightneſs and Steadineſs 
of its Lights, was the moſt remarkable one 
I ever ſaw; ſome Parts of it appeared like 
very denſe white Clouds, illuminated by a 
full Moon, but with a more, vivid Bright- 
nels; and, yet.thro' one of the denſeſt and 
white} of theſe Clouds, I could plainly 


- ſee the ſmalleſt Star in the Pleiades, and 


could not perceive that its Splendor was 
at all diminiſhed, or that it even twinkled 
more than it did before this lucid Matter 
was-interpoſed, which, as it moved with a 
quick tremulous Motion, muſt have at 


| leaſt increaſed the Twinkling of the Stars, 


if it had any Sort of Effect on the Rays 
which paſſed thro it. Since then the 
Matter of a Comet's Tail, and that of the 
Aurora Borealis are alike in their Ap- 
pearance, and agree allo in their Pro- 

perties, 


7 
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perties, we have ſome Reaſon to ſuppoſe 
chat un are Subſtances of ;the lame 


2 chis Step, we may go on 
in our Enquiries, and try if any other 
Subſtance, that we are better acquainted 
with, has the ſame Properties with, the 
Subſtance of which Comet's Tails and, the 
Aurora . Borealis are formed. It is now 
well known that our Atmoſphere 3 abounds 

with electric Matter, which is more or leſs 
contained 1n all Bodies ; this Matter is ne- 
ver viſible but whillt it is paſſing from one 
Body to another, thro' the Air or a Vacu- 
um, it then appears to be a very rare, ſub- 
| tile, ſhining Subſtance. We often ſee it 
flaſhing from one Cloud to another, or 
into the Earth, with great Velocity and 
Brightneſs, and then we give it the Name 
of Lightning; and in the ſame» Manner 
when we bring our Finger near a Bar of 
Iron ſtrongly  eleftrified, we fee very 
bright Sparks iſſue from it to our Finger. 
W Air, in its common State of 
Condeniation, 


Lu 
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Condenſation, reſiſts the Egreſs of the 
electric Matter from Bodies in which it is 
accumulated, eſpecially if they are round 
and ſmooth, and when it forces its Way it 
ſeems to come out, as it were, all at once, 
and in a very condenſed State, and there- 
fore it appears very bright. But if the 
Air be conſiderably rarefied, its Reſiſtance 
is thereby greatly leſſened, and the clectrie 
Matter cannot be accumulated in a Body 
ſurrounded by ſuch Air, for in that Caſe, 
as faſt as it is communicated to the Bo- 
dy it will iſſue out from various Parts 
of it in ſmall Streams of a faint Light, 
as will appear from ſome Experiments 
I ſhall have Occaſion to mention pre- 
ſently. a | | . 
Nou fince a ſolid Body and a Cloud, 
when electrified in denſe Air, will both 
diſcharge their Fire in the ſame Manner, 
that &, ſuddenly and in bright Sparks ot 
large bright Flaſhes, we muſt conclude, 
from Analogy, that when they are both 
— — they will 
| then 
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then likewiſe diſcharge their Fire in the 
ſame Manner, and conſequently that an 
electriſied Cloud, raiſed into the higher 
and rarer Parts of the Atmoſphere, will 
diſcharge its Fire in continued Streams of 
faint Light. And as we ſometimes ſee 
faint Flaſhes of Lightning in a Summer 
Evening after Sun-ſet, tho no Clouds ap- 
pear; ſo if the Vapours which riſe into 
the higher Part of the Atmoſphere, tho 
not formed into Clouds, carry up with 
them the electric Matter, they muſt diſ- 
charge it in continued Streams of faint 
Light, juſt as a Cloud would do; and 
thoſe Streams of Light in the higher Parts 
of the Atmoſphere muſt exactly repreſent 
to us the Appearance of an Aurora” Bo- 
realis. Any one will readily perceive a 
ſtrong. Reſemblance between the Aurora 
Borealis and the electric Fire diſcharged 
from a Body in rarefied Air, who will 
make the following Experiments. 


Lie the Air be almoſt exhanfied out of 


a Glaſs Globe or ne. and let it be 
turned 
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turned by a Machine and rubbed as uſual; 
the electric Fire will then appear in the 
Inſide of the Globe, ſhooting out in vari- 
ous Branches of 'faint Light, croſſing each 
other. in all Directions, and this Light will 
ſometimes appear tinged with different 
Colours; when the Air is very much ra- 
refied, the Light appears white, and grows 
more of a purple Colour as more Air is 
admitted into the Globe. [a] 1 found 
ibis Experiment ſueceed beft when 1 held 
in my Hand the Cuſhion with which the 
Globe was rubbed, and preſſed it ſome- 
mes cloſely and ſometimes {lightly to the 
Globe. I found that a like Appearance 
might alſo 'be exhibited by the following 
Experiment. A Cylinder 20 Inches high, 
and about five in Diameter, having a.pret- 
ty thick Braſs Wire put thro* the Top, 
F . 


ud Cis it\. 4 : 1% KA £ .0C 
() This Experiment was firſt made by Mr. 
Hawkfbee, and has fince been often repeated; 
and I find that the Aurora Borealis has of late 
been generally ſuppoſed to be an electrical 
Phenomenon, though I have not met with anv 
Attempt to prove that it is ſo, 
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was almoſt exhauſted, ; then being -myſelf 
eleQtrified, I moyed; my Finger towards 
the Top of the Wire, and immediately 1 
law. every Spark that came from my Fin- 
ger divided into a Multitude of ſmall 
Streams of Light iſſuing from the Wire at 
right Angles to it, and in different Direc- 
tions. When I took hold of the Wire I 
could ſee but little Light in the Cylinder, 
ſo found it was neceſſary to keep my Finger 
at a ſmall Diſtance, and let the electric 
Matter come to the Wire in ſucceſſive 
Sparks. I thought the Lights that iſſued 
from the Wire were brighteſt when it was 
oiled, and when the Air was about go 
Times rarer than the outward Air. Se- 
veral Perſons almoſt as ſoon as they ſaw 
the electric Lights compared them to the 
Appearance of the Aurora Bortalis; and 
certainly theſe two Phænomena reſemble 


each other entirely 


both in the Colours 
of their Light, and in the Quickneßs of 
their Motions. For when the Air in the 
Glaſs-Globe was very much rarefied, the 
electric Lights appeared very white, and 
became 
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became more of a purple Colour as more 
Air was admitted into the Globe; juſt ſo 
the long Streams of Light in the Aurora 
Borealis are very white on their upper 
Parts, where the Air about them is much 
rarefied, and are often of a purple Colour 
on their lower Parts, which are in denſer 
Air. And as in che Globe che electric 
Lights appear in greater Abundance when 
the Air has a particular Degree of Denſity 
than in other Caſes ; ſo the quick Appear- 
ing. and .Diſappearing of the. Streams of 
Light in the Aurora Borealis may poſſibly 
ariſe from a Charge of Denſity in the 
higher Parts of the Atmoſphere. For 
where the Air is ſo very chin it may be 
ſubject to very ſudden Condenſations and 
Rarefactions, occaſioned by the Motion of 
the Winds, and. I have obſerved thoſe 
Lights to appear and diſappear more 


quickly in a windy Night than when it 
was calm; though their Courſe or Di- 
reftion ' was no ways influenced by 8 
Wind. dan | 


But 
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But the electric Matter appears to be of 
the ſame kind of Subſtance which forms 
the Aurora Borealis, and the Tails of Co- 
mets, by its having alſo that remarkable 
Property of letting the Rays of Light paſs 
thro' it, without having any Sort of Effect 
upon them. And this I found by ſeveral 
Experiments, for I obſerved that ſmall 
Rays of Light, paſſing over ſharp Points, 
and by the Edges of Knives, from whence 
the electric Matter iſſued abundantly, were 
affected in the very ſame Manner as when 
theſe Points and Edges were not electrifi- 
ed. Having provided a large Pane of 
Glaſs properly coated on both Sides with 
thin ſheet Lead, I made two ſmall Holes 
in the Lead, oppoſite to each other, for a 
Ray of Light to paſs thro'; and I found 
this Ray was no more refracted in its Paſ- 
ſage thro' the Holes, when one Side of the 
Glaſs was eleftrified plus, and the other 
minus, than it was before the Glaſs was 
eleQrified at all, or after the electric Mat- 
ter was diſcharged, which ſhews that the 
Accumafon, or the Abſence of this 
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Matter no way contributed to encreaſe or 
diminiſh the refractive Power of the 
Glaſs. I found that when Water was 
electriſied, no Change was made either in 
its Power of refracting or reflecting the 
Rays of Light. 


I made many other Experiments of the 
ſame Kind, too tedious to deſcribe, and 
they all led me to conclude that the elec- 
tric Matter had no Sort of Effect on the 
Rays of Light that paſſed thro' it. Since 
then the electric Matter ſeems to be of the 
fame Nature with that which forms the 
Aurora Borealis, and abounds much in the 
Atmoſphere, and, when it gets into the 
rarer Parts of it, will, by its known Pro- 
perties, exhibit to us an Appearance like 
that of the Aurora Borealis, we muſt ac- 
knowledge it to he a Cauſe really exiſting, 
and ſufficient to explain this Phznome- 
non, and therefore we may aſcribe the 
Appearance of an Aurora Boreaks to the 
Riſing of the electric Matter into the up- 
Per Regions of the Atmoſphere, The 

following 
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following Obſervation will ſerve further to 
confirm this Opinion. In our Summer 
Months, when the electric Matter is fre- 
quently diſcharged from the lower Clouds 
in Lightning, and ſo returns to the Earth, 
we ſcarce ever ſee an Aurora Borealis; but 
at other Times, when it is not uſually diſ- 
charged in Lightning, it may riſe higher 
into the Atmoſphere, and will occaſion 
more frequent Appearances of this Kind. 
And this probably is the Reaſon why 
theſe Appearances are more frequent in 
cold than in warm Climates, the former 
being leſs ſubject to Storms of Thunder 
and Lightning chan the latter. In Coun- 
tries that lie far to the North, the Au- 
rora Borealis is ſaid to ſhine much brighter 
than with us, Den 
_ | 


As the preceding Conſiderations ſeem to 
make it probable that the Tails of Comets 
conſiſt of the fame Kind of Subſtance 
which forms the Aurora Borealis, and that 

this is no other than the electric Matter; 
; L 2 I ſhall 
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I ſhall aſſume this as a Principle, and try 
if I can from thence account, in ſome 
Meaſure, for the Phænomenon of Co- 
met's Tails, and in doing this I ſhall have 
an Opportunity of making ſome Obſerva- 
tions which may ſerve to ſhew a further 
Reſemblance between thoſe three Subſtan- 
ces that I have compared together, The 
Earth, and all Bodies near it, contain 
more or leſs of the electric Matter, and 
tho' it may be accumulated in ſome Bo- 
dies, and diminiſhed in others, we cannot 
be ſure that any Body may be totally de- 
prived of it, but on the contrary have 
great Reaſon to think it can neither be in- 
creaſed nor diminiſhed in any Body be- 
yond a certain Degree; we muſt therefore 
ſuppoſe that it is contained in all Bodies 
in our ſolar Syſtem, Some Bodies, ſuch 
as Glaſs, Amber and others, that are called 
Elefirics, attract and retain this Matter 
more ſtrongly than thoſe do which are 
called Non-Eleftrics, for an electric Body 
will draw this Matter from one that is not 
electric, againſt which it is rubbed, and it 
75 b FER? wil 
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will alſo ſtop the electric Matter in its 
Progreſs from one Body to another, and 
therefore an electric Body is called a Non- 
conductor, in ition to other Bodies 
thro' which the electric Matter readily 
paſſes. But we find that any Body, even 
the moſt electric, if ſufficiently heated, 
will become a Conductor, or will let the 
electric Matter paſs from it very eaſily, 
and therefore we conclude that Heat diſ- 
poſes all Bodies readily to part with the 
electric Matter they contain, and we have 
an Inſtance in the Tourmalin Stone that 
ſome Bodies will always throw off an elec- 
tric Matter merely by being heated. Now 
when a Comet comes down towards the 
Sun, from Regions of extreme Cold, and 
begins to acquire ſome Degree of Heat, it 
will, like other Bodies, be diſpoſed to part 
with the electric Matter, which it may 
poſſibly contain in great Abundance, and 
this Matter, when thrown off, will exhibit 
to us the Appearance of a ſhining Train, 
as it does in the Aurora Borealis; and as 
the Comet comes to its Perihelion, and the 
+: L 3 _- Heat 
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Heat increaſes, this Matter will iſſue. more 
abundantly, and the Train or Tail will 
increaſe in Length, till upon the Comet's 
receding from the Sun the Heat will de- 
creaſe, and this Matter being pretty much 
exhauſted, the Tail will be contracted in 
its Dimenſions, and at length will be too 
far removed, and grow too faint to be ob- 
ſerved. 


As a Comet is expoſed to vaſt Extremes 
of Heat and Cold, Light and Darkneſs, 
we may well ſuppoſe it to be uninhabited, 
and if ſo, it is not neceſſary that it ſhould 
turn different Sides to the Sun, but may 
always keep the ſame Face towards it, as 
the Moon keeps the ſame Face towards 
the Earth, and indeed it muſt do ſo if its 
Figure be that of an oblong Spheroid. 
Now the electric Matter which riſes from 
the Earth goes off into the colder Regions 
of the | Atmoſphere, and in a Direction 
nearly oppoſite to the Sun, and I believe 
we have no Inſtance of what we call the 


the Aurora Borealis Appearing between the 
Tropicks. 
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Tropicks. Why then ſhould not this 
Matter take the ſame Courſe in its Pro- 
greſs from the Head of the Comet, and 
fly off from its dark Hemiſphere, where 
its Atmoſphere is colder and clearer, and 
where the Vapours are thin, and, riſing 
more gradually,” will give it an Opportu- 
nity of riſing along with them; whilſt on 
the other Hemiſphere, which is expoſed 
to the Sun, the Vapours muſt riſe very 
thick, and form Clouds which may inter- 
cept the electric Matter in its Progrels, 
and collecting it together may return it 
back to the Head of the Comet in Light- 
ning, as our Clouds in hot Countries re- 
turn their electric Matter into the Earth. 
Beſides as we find that the electric Matter 
paſſes off from a Body where it is rough 
or pointed, much more readily than where 
it is round and ſmooth, ſo it is poſſible 
that the Hemiſphere of the Comet, which 
is turned from the Sun, may be ſo formed 
as to part with the electric Matter more 
readily than the other, which is turned to- 
wards the Sun, and in whatever Direction 
| the 
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the electric Matter is thrown off from any 
Body, we find it continues to move with 
immenſe Velocity, as I obſerved in the 
Streams of electric Matter which iſſued 
from the Wire in the exhauſted Receiver. 
I obſerved alſo that theſe Streams did not 
grow much thicker as they advanced in 
their Courſe, either in the exhauſted 
Globe or cylindrical Receiver; nor did 
they ſeem diſpoſed 'to expand themſelves 
into the Space that ſurrounded them, but 
went ſtraight forward, juſt as a Ray of ſo- 
lar Light would do. And thus the Mat- 
ter which iſſues from a Comet proceeds 
in the ſame Direction in 'which it is thrown 
off, and forms that large Column, which 
we call the Tail; and we ſee that the Mat- 
ter of which the Tail conſiſts has very lit- 
tle or no Diſpoſition to expand itſelf into 
the ſurrounding Spaces; for the Tail is 
not much broader towards the End than 
near the Head of the Comet. This 1 
think is a moſt extraordinary Property, 
both of the electric Matter and of that 
which forms a Comets Tail, and which 
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a further Argument for concluding them 
to be of the ſame Nature, for they both 
fly off from the Body, in which they are, 
with great Velocity, which ſeems to argue 
a repulſive and expanſive Force, and yet 
they proceed as the Rays of Light do 
without expanding themſelves laterally. 
into the Spaces thro which they pals. 


And this remarkable Property ſeems 
well worth attending to, in all our Enqui- 
ries concerning the electric Matter. At 
preſent we are ſo little acquainted with the 
true Nature of it, and ſo ignorant of the 
Subſtance which forms the Body of the 
Comet, that it is not to be expected, we 
ſhould be able to ſay how it can furniſh 
ſuch a vaſt Quantity of this electric Mat- 
ter, or to aſſign with Certainty the Rea- 
ſon why the Tail of a Comet is thrown. off 
from its dark Hemiſphere in a Direction 
oppolite to the Sun, rather than in any 
other Direction. Future Experiments 
and Obſervations will either confirm theſe 
Conjectures of mine, or ſuggeſt - others 

* more 
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more probable ; but now we can only ar- 
gue by Analogy from the riſing of the 
electric Matter thro the colder Regions 
of our Atmoſphere in the Aurora Borealis, 


that the fame Effect will take Place in 


the Atmoſphere of a Comet, and from 
the ſame Cauſe, whatever that may be. 


Sir Iſaac Newton obſerves that. the Tail 
of the Comet which came to its Perilelion 
on the eighth of December, 1680, appear- 
ed about the Middle of Fanuary following 
to be bent into a Curve. Now as the 
Tail was convex towards thoſe Parts which 
the Comet moved, this . Bending might 
ſeem to atiſe from its meeting with ſome 
reſiſting Matter; but this Curvature was 
much leſs than what would ariſe from a 
refiſting Matter denſer than the Tail, and 
whoſe ſuperior Gravity would be able to 
raiſe it up from the Sun; for he tells us 
that on the 5th of January, when the 
Tail was 40 Degrees long, its Chord, or a 
Line drawn from the Head of the Comet 
to the Extremity of its Tail, made an 

Angle 
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Angle of only 8 Degrees with a great Cir- 
cle paſſing thro the Sun and Comet. 
But that this Curvature was not owing to 
any reſiſting Matter appears from hence, 
that the Tail muſt be bent into a Curve 
tho' it met with no Reſiſtance; for it 
could not be a right Line, unleſs all its 
Particles were projected in parallel Direc- 
tions, and with the ſame Velocity, and 
unleſs the Comet moved uniformly in a 
right Line. But the Comet moves in a 
Curve, and each Part of the Tail is pro- 
jected in a Direction oppoſite to the Sun, 
and at the ſame Time partakes of the Mo- 
tion of the Comet; ſo that the different 
Parts of the Tail muſt move on in Lines 
which diverge from each other; and a 
Line drawn from the: Head of a Comet 
to the Extremity of the Tail will be paral- 
lel to a Line drawn from the Sun to the 
Place where the Comet was, when that 
Part: of the Tail began to aſcend, as Sir 
Jſaac obſerves ; and ſo all the Chords, or 
Lines drawn from the Head of the Comet 
to the intermediate Parts of the Tail, will 

| be 
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be reſpectively parallel to Lines drawn 


from the Sun to the Places where the Co- 
met was when theſe Parts of the Tail be- 
gan to aſcend. And therefore, ſince 
theſe Chords of the Tail will be of dif- 
ferent Lengths, and parallel to different 
Lines, they muſt make different Angles, 
with a great Circle paſſing thro the Sun 
and Comet, and conſequently a Line paſſing 
thro' their Extremities will be a Curve. 


It is obſerved that the convex Side of 
the Tail which is turned from the Sun is 
better deſined, and ſhines a little brighter 
than the concave Side. Sir Jſaac accounts 
for this by "ſaying, that the Vapour on the 
convex Side is freſher (that is, has aſ- 
cended later) than that on the concave 
Side, and yet I cannot ſee how the Par- 
ticles on the convex Side can be thought 
to have aſcended later than thoſe on the 
concave Side which may be nearer to the 


Head of the Comet. I think it rather 
looks as if the Tail, in its rapid Motion, 
met with ſome flight Reſiſtance juſt ſuffi- 


cient 
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cient to cauſe a ſmall Condenſation in that 
Side of it which moves foremoſt, and 
which would occaſion it to appear a little. 
brighter and better defined than the other 
Side; which flight Reſiſtance may ariſe 
from that ſubtile Æther which is ſuppoſed 
to be diſperſed thro' the celeſtial Regions, 
or from this very electric Matter diſperſed 
in the ſame Manner, if it be different 
from the Ether. Here I muſt obſerve 
that the convex. Side of the Tail, which 
is turned from the Sun, being brighter 
than the other Side, affords an addi- 
tional Argument in Favour of what I 
have aſſerted, that the Tail does not 
| ſhine by reflecting the Sun's Light. And 
this leads me to ſay ſomething of that 
luminous Quality which we obſerve in 
the electric Matter, and by which I fup- 
poſe the Tails of Comets to ſhine. 


The Writers on Electricity tell us that 
the electric Matter carries off from Bodies 
certain ſubtile Particles of a ſulphurous 
inflammable Nature, which it kindles as 

M ſoon 
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foon as they are diſengaged from the Bo- 
dy, and thence it ſhines. And 'this Ac- 
count is proved from its inflaming other 
* ſuch as warm Spirits, and from 
that ſulphurous Smell which always at- 
ae the electric Matter, and which any 
one will perceive from his Hand, if he re- 
ceives the electric Sparks on it for ſome 
time, and the ſame Smell is more ſtrong- 
ly perceived in Places that have been 
ſtruck by Lightning. Now theſe inflam- 
mable Vapours which often abound in 
the Air, being carried up by the electric 
Matter, and kindled in the higher Parts of 
the. Atmoſphere, will cauſe it to ſhine 
and appear to us in the Aurora Borealis. 
That the electric Matter can kindle the 
inflammable Particles that it carries off 
from Bodies, in Air highly ranfied, or 
even in uacuo, appears from its ſhining 
in the upper Part of the Barometer, in 
ich is the moſt perfect Vacuum we can 
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But perhaps it may be ſaid, that with - 
out having recourſe to the electric Mat- 
ter, we might ſuppoſe the Comet or a 
great Part of it, to conſiſt of ſome very: 
combuſtible Matter which may take fire 
by a ſmall Degree of Heat, and blaze 
out in ſuch Abundance as to occaſion 
the luminous Appearance we call the 
Tail. And this Hypotheſis may appeas 
at firſt Sight more natural and probable 
than the one I have ſuggeſted; yet 1 
imagine it will not be found fo, if we | 
examine it-attentively, For it the Comet 
were to take fire and blaze out as burn- 
ing Bodies do with us, the elaſticity of 
the Flame might indeed raiſe it to ſome 
Diſtance from the Body of the Comet, 
but then it would riſe equally on all 
Sides, or rather to a greater Height on 
the Side next the Sun, where the Heat 
is greateſt. And a Flame of this kind 
could not be carried up in a Direction 
oppoſite to the Sun, unleſs it were by 
the ſuperior Denfity and Weight of ſome 

ann — Medium which gravitates to- 
| M 2 wards 
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wards the Sun ; juſt as we find the Flame 
of burning Bodies is raiſed upwards by 
the Preſſure of the ſurrounding Air. But 
I have ſhewn, in the former Part of this 
Eſſay, that a Medium denſer and hea- 
vier than the Tail muſt reſiſt and re- 
tard its Motion much more than that of 
the Comet, and therefore could never 
permit the Tail to move foremoſt as it 
ſometimes does, but muſt cauſe it always 
to fall behind, and conſequently to ap- 
pear as directed towards the Sun when 
the Comet has paſſed its Perihelion, and 
is retiring from the Sun. So that in or- 
der to account for the conſtant Aſcent 
of this luminous Matter in a Direction 
oppoſite to the Sun, we muſt have re- 
courſe to ſome Medium that has no 
ſenſible Gravity, and that is apt to 


move in ſome particular Direction from 
the Body in which it is, and with ſuch 
Velocity as to carry the burning Matter 
to a vaſt Diſtance from the Comet 
before it is entirely conſumed. Now I 
bebe, wa 4008} hacer of any Mari 

um 
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um that has theſe Properties except that 
which we call the electric Matter. For 
it ſeems no more affected by the Force 
of Gravity than the Rays of Light are, 
and when it moves freely it is apt to go 
on in the Direction, in which it ſet out, 
as I obſerved before, and then it moves 
with ſuch a Velocity as we cannot mea- 
ſure, for it has been found to paſs thro' 
a Wire two Miles and a half in Length, 
as it were, inſtantaneouſly. This Medium 
therefore ſeems not only capable of 
kindling ſuch ſubtile inflammable Par- 
ticles as it meets with in the Comet, but 
alſo of carrying them off, before they 
are conſumed, to the vaſt Diſtance to 
which the Tail ſometimes extends. 


Where the inflammable Particles are 
quite conſumed, the Tail of the Comet 
muſt end; and the electric Matter will 
afterwards be inviſibly diſperſed thro! the 
planetary Regions, where it may be ga- 
thered up by the Planets in their Cour- 
ſes round the Sun. For ſince we find 
e ey 
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this kind of Matter placed in all Bo- 
dies by the Wiſdom of Providence, we 
muſt conclude it is neceſſary for carry- 
ing on the ſeveral Operations of Na- 
ture; and we know it is very apt to 
eſcape from Bodies by its great Subtilty 
and repelling Force. We fee it riſes 
from the Earth into the Atmoſphere, 
and is probably going off from thence 
when it appears in the Aurora Borealis. 
In like Manner it may fly off from 
the other Planets, and be 
expanding itſelf from the Center of our 
Syſtem beyond the Orbit of Saturn. So 


ſupplying the Planets with Moifture, as 
as" Sir Iſaac Newton thought. His Opi- 


nion was founded on a Suppoſition 
that all Vegetables have their Growth 
and Increaſe entirely from Water, and 
W 
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Water but into Earth, there muſt be a 
fore a freſh Supply of it muſt be ne- 
ceſſary from time to time.“ But this 
ſufficiently grounded on Experience, For, 
ſince Sir Tfaac wrote, Dr. Woodward, an 
periments on Water and Vegetables grow- 
ing from it. He ſhews that all Water 
contains an earthy Matter, and con- 
cludes : It is evident, that Water is not 
the Matter that compoſes vegetable Bo- 
* dies; but is the Agent that conveys that 
Matter to them, that introduces and 
* diſtributes it to the ſeveral Parts for 
their Nouriſhment. Where the proper 

0 I ſtrial 


* Nam Vegetabilia omnia ex Liquoribus om- 
nino creſcunt, dein magna ex parte in Terram 
aridam per Putrefactionem abeunt, & Limus ex 
Liquoribus putrefaftis perpetuo decidit. Hinc 
moles Terre aridz indies augetur, & Liquores, 
niſi aliunde augmentum ſumexent, perpetuo de- 
creſcere deberent, ac tandem deficere. 


Principia, Pag. $15, Edit. 2da. 


128 ON THE NATURE OF THE 


© terreſtrial Matter is wanting, the Plant 
is not augmented, tho' never ſo much 
Water aſcends into it.'F This is alſo 
the Opinion of Dr. Boerhaave, and he 
affirms from his own Experience, that 
pure elementary Water cannnot, by re- 
peated Diſtillations, or otherwiſe, be con- 
verted into Earth.f So that there ſeems 
to be no Necgflity for ſuppoſing a gra- 
dual Decay of Moiſture in any of the 
Planets. + Beſides, if the Comets were 
intended to ſupply the Planets with 
Moiſture, none of them could ſerve for 
this Purpoſe more than once, but muſt 
afterwards become uſeleſs, tho' they re- 
turn regularly in their Orbits, which 
is not agreeable to the CEconomy of 
Nature. For when the Heat of the 
Sun had driven all the Moiſture it 
could from a Comet in its Perihelion, where 
ſhould it afterwards get a freſh Supply ? 
We can ſcarce ſuppoſe the Planets to 
"1 * Nl eie 3 loſe 


+ Philoſ. Tranſaftions, No. 253. 
1 Elements of Chymiſtry, Part ad. 
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loſe any Moiſture by Evaporation, as 
no Vapours can riſe above their Atmoſ- 
pheres. Or even if any very thin Va- 
pours, Steams or Effluvia of a moiſt Na- 
ture ſhould ariſe from them, they could 
not have Heat and Elafticty enough 
to expand themſelves very far. But 
the electric Matter, from its vaſt fubtit- 
ty and velocity, ſeems capable of mak- 
ing great Excurſions from the planetary 
Syſtem, and therefore the ſeveral Co- 
mets in their long Excurſions from the 
Sun, in all Directions, may overtake 
this Matter; and attracting it to them- 
ſelves may come back replete with it, 
and being again heated by the Sun, 
may diſperſe it among the Planets, and 
fo keep up a Circulation of this Matter, 
which we have Reaſon to think is ne- 
ceſſary in our Syſtem. 


Sir Jſacc, after giving his Opinion 
that the aqueous Particles thrown off 
from Comets are taken up by the Pla- 

| nets 
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nets, as a ſupply of Moiſture adds: *I 
ſuſpect moreover, That that Spirit which 
is the leaſt, but the moſt ſubtile and 
the beſt Part of our Air, and is ne- 
* ceflary for ſupporting the Life of all 
© Things, comes chiefly. from the Co- 
* mets'}- which ſhews that he thought 
the Tails of Comets might conſiſt of 
ſomething more than watery Clouds 
and Vapours. What he meant by theſe 
Words 1 cannot fay, but I think they 


are extremely applicable' to that kind of 
Matter which I have ſuppoſed comes 


to us from the Comets; and with which 


our Air One abounds. 


I ſhall now W in a b 
Words, the Subſtance of what has been 
ſaid. As the Tail of a Comet, tho ex- 
ceedingly rare, yet meets with no Re- 
ſiſtance 


4 Porro ſuſpicor Spiritum illum qui Aeris 
noſtri pars minima eſt, ſed ſubtiliſſima & op- 
tima, & ad rerum omnium vitam requifitur: ex 


Cometis præcipue venire. 
| Principia, Pag. 515. 
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ſiſtance in its rapid Motion round the 
Sun, (except ſo {light a one as can only 
cauſe a very ſmall Condenſation on that 
Side of it which moves foremoſt, and 
thereby may make it a little brighter 
than the other Side) it cannot poſſibly 
move in a Medium denſer and | heavier 
than itſelf, and therefore cannot be raiſ- 
ed up from the Sun by the ſuperior 
Gravity of ſuch a Medium. And fince 
the Tail is not capable of reflecting or 
refracting the Light of the Stars, it 
cannot ſhine by refletting the Sun's 
Light; and conſequently does not con- 
fiſt of Clouds or aqueous Vapours, but 


is itſelf a ſhining Subſtance, the na- 
ture of which it is the buſineſs of Phi- 
loſophers to diſcover. And from what 
Aſtronomers ſay of the Splendor of 
Comet's Tails, I am perſuaded they do 
not ſhine with ſuch a dull Light, as 
would be reflected to us by the Clouds 
ar Vapours at ſo great a Diſtance, but 
with a briſker, tho' a glimmering Light, 
ſuch as would ariſe from a very thin 

volatile 
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volatile burning Matter. And here I 
muſt not omit an Obſervation of Dr. 
Halley's, which feems very much to my 
Purpoſe. In his Deſcription of the 
remarkable Aurora Borealis ſeen in Eng- 
land in the Year 1716, (which I men- 
tioned before) ſpeaking of the great 
Streams of Light, he ſays: They fo 
much reſembled the long Tails of Comets, 
that at firſt Sight they might well be ta- 
ken for fuch And afterwards, Nis 
Light feems to have @ greet Affinity to that 

which the Effluvia of © dlefiric Bodies emit 
in the Dari. From whence we find 
that this accurate Obſerver perceived a 
Reſemblance between thoſe Subſtances 
that I have been comparing together. 
Now 1 have ſhewn that they agree re- 
markably, not only in their Appear- 

ance, but alſo in ſuch Properties as we 
can obſerve in each of them, and there- 
fore I have ſuppoſed them to be Sub- 
| Nanccs of the ſame Nature. I have 


+ Phaloſ. Tranſalions, No. 347. 
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alſo endeavoured to ſhew that the elec- 
tric Matter, from its known Properties, 
is capable of exhibiting to us all the 
Phænomena of Comets Tails, and that 
we may from thence aſſign the Uſe of 
Comets with more Probability than has 
Hitherto been done. 


I have been lefs ſcrupulous of pro- 
poſing ſuch Conjectures as occurred to 
me concerning the Subſtance that forms 
the Tail of a Comet, as I conſidered that 
though they ſhould hereafter appear 
groundleſs, as very poſſibly they may, yet 
others by examining them, and compar- 
ing them wich future Experiments and 
Obſervations, may probably be led to 
the Diſcovery of ſomething on this Sub- 
ject that will be more ſatisfactory. And I 
think every Hypotheſis relating to the 
Effects of the electric Matter, if at all 
plauſible, may have its Uſe, by inducing 
us to make further Enquiries into the 
Nature, and Properties of that Kind of 
Matter, from a Knowledge of which I 


ſuſpect 


N. 
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ſuſpect our future Improvements in 

f Na- 
tural Philoſophy will chiefly: ariſe; eſ- 
Pecially in that Part of it which relates 
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N this Eſſay I mean to offer 
31 8 ſome Remarks on the Me- 

thods that have been com- 
ee monly uſed in treating of 
thoſe Engines that are called the Me- 
chanick Powers; and to give an Account 
of the Principles on which, I think, we 
may beſt explain their Nature and Man- 


ner of Acting. | 
The 


This Eſſay was read at a Meeting of the 
Royal Society on the 21ſt and 23th of April, 


1763, communicated in à Letter, dated 1g July 


N 3 | 1762, 
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The many uſeful Inſtruments that 
have been fo ingeniouſly invented, and 
ſo ſucceſsfully executed, and the great 
Perfection to which the Mechanick Arts 
are now arrived, would naturally incline 
one to think that the true Principles on 
which the Efficacy and Operations of 
the ſeveral Machines depend, muſt 
long ſince have been accurately ex- 
plained. But this is by no Means a 
neceſſary Inference; for, however Men 
may differ in their Opinions about the 
true Method of accounting for the Ef- 
fets of the ſeveral Machines, yet 
the practical Principles of Mechanicks 
are fo perfectly known by Experience 
and Obſervation, that the Artiſt is 
thereby enabled to contrive and adjuſt 
the Movements of his Engines with 
as 


1762, to Matthew Raper, Eſq; F. R. S. of Thor- 

Ey, in Hertfordſhire. Vide Phil. Tranſactions. 
Vol. LIII.— [In which fome Improvements 
have been fince made by the Author.) 
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as much Certaifity and Succeſs as he 
could do, were he thoroughly acquainted 
with the Laws of Motion, from which 
theſe Principles may be ultimately deriv- 
ed. However, though 'an Inquiry into 
the true Method of deducing the prac- 
tical Principles of Mechanicks from the 
Laws of Motion, ſhould perhaps not 
contribute much to promote the Progreſs 
of the Mechanick Arts, yet it is an 
Enquiry in itſelf uſeful, and in ſome 
Meaſure neceſſary; for, ſince late Au- 
thors have uſed very different Methods 
of treating this Subject, it may be ſup- 
poſed that no one Method has been | 
looked upon as ſatisfactory and unex- | 
ceptionable. I ſhould therefore wiſh to | 
contribute towards having this Subject 

treated with more Accuracy _ Has 

Boe: hitherto done. | 


The moſt noted Theorem in Mecha- 
nicks is this, When two heavy Bo- 
dies counterpoiſe each other by Means 
„of any Machine, and are then made 
4 to 
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© to move together, the Quantities of 
„% Motion with which one deſcends and 
* the other aſcends perpendicularly will 
* be equal. An Æguilibrium always ac- 
companying this Equality. of Motions, 
bears ſuch - a; Reſemblance to / the. Caſe 
wherein two moving Bodies ſtop: each 
other when they meet together with 
equal Quantities of Motion, that many 
Writers have. thought that the Cauſe of 
an Ægquilibrium in the feveral Machines 
might be immediately aſſigned by ſay- 
ing, that ſince one Body always loſes 
as much Motion as it communicates to 
another, two heavy Bodies counteract- 
ing each other muſt continue at Reſt, 
when they are ſo circumſtanced that 
one cannot deſcend without cauſing the 
other to aſcend at the lame Time, and 
with the ſame Quantity of Motion ; 
for then ſhould one of them begin to 
deſcend, it muſt inſtantly loſe its whole 
Motion by communicating it to the 
other, This Argument, however plau- 
ſible it may ſeem, 


I think is by no 
Means 
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Means ſatisfactory; for when we ſay 
that one Body communicates its Motion 
to another, we muſt neceſlartly ſuppoſe 
the Motion to exiſt firſt in the one 
and then in the other; but in the preſent 
Caſe, where the two Bodies are ſo con- 
nected that one cannot poſſibly begin 
to move before the other, the deſcend - 
ing Body cannot be ſaid to communi- 
cate its Motion to the other, and there - 
by make it aſcend: But whatever we 
ſhould ſuppoſe caufes one Body to de- 
ſcend, muſt be alſo the immediate Cauſe 
of the - other's aſcending, ſince, from 
the Connexion of the Bodies, it muſt 
att upon them both together, as if 
they were really but one. And there- 
fore, without coritradicting the Laws of 
Motion, I might ſuppoſe the ſuperior 
Weight of the heavier Body, which is 
in itſelf more than able to ſuſtain the 
lighter, would overcome the lighter, and 
cauſe it to aſcend with the ſame Quan - 
tity of Motion with which the heavier 
— efpecially as boch their Mo- 


U :% tions, 
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of the, Efficacy, of each of 
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The ſimple Mechanick Powers are uſu- 
reckoned fix ; the Lever, Axle and 
heel, Pulley, Wedge, Epos" 
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and Screw, I ſhall confider theſe Ma- 
chines feparately, and ſhall explain the 
Nature and Property of each of them, 
by ſhewing from its Structure what 
Weight it will enable any given Force 
to ſuſtain, 


The Lever is conſidered as an inflex- 
ible Line, void of Weight, and move. 
able about a fixed Point called its Ful- 
crum or Prop. The Property of the 
Lever, expreſſed; in the moſt general 
Terms, is this; When two Weights, 
* or any two Forces, act againſt each 
% Other on the Arms of a Lever, and 
„and are in Æguilibrio, they will be 
to each other inverſly as the perpen- 
« dicular or ſhorteſt Diſtances of their 
Lines of Direction from the Fulcrum. 


This Propoſition contains two Caſes, 
for the Directions of the Forces may 
either meet in a Point or be parallel to 
each other. Moſt Writers begin their 
Demonſtration of this Propoſition with 
| the 
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the ſecond Caſe, which ſeems to be the 


ſimpleſt, and from which the other may 
be deduced by the Reſolution of 'Forces. 
Archimedes, in his Demonſtration, fets 
out with a Suppoſition, the Truth of 
which may reaſonably be doubted : For 
he ſuppoſes, that if a Number of equal 
Weights be ſuſpended from the Arm 
of a Lever, and at Points” equidiſtant 
from each other, ' whether all theſe Points 
be at the ' ſame Side of the Fulcrum, 
or ſome of them' on the oppoſite Side, 
theſe Weights will have the ſame Force 
to turn the Lever as they would have 
were they all united and ſuſpended 
from a Point which hes in the Middle 
between all the Points of Suſpenſion, 
and may be conſidered as the common 
Center of Gravity of all the ſeparate 
Weights. Mr. Huygens, in his Miſcella- 
neous Obſervations on Mechanicis, ſays that 
ſome Mathematicians have endeavoured, 
by altering the Form of this Demon- 
ſtration, to render its Deſe ds lefs ſenſi- 
ble, though without Succeſs. He there- 


fore 
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fore propoſed another Proof, which is 
extremely tedious and prolix, and alſo 
depends on a Poſtulatum that, I think, 
ought not. to be granted on this Occa- 
ſion; it is this: When two equal 
„Bodies are placed on the Arms of a 
Lever, that which is furtheſt from the 
© Fulcrum will prevail and raiſe the 
* other up.” Now this is taking it for 
granted, in other Words, that a , ſmall 
Weight placed further from the Ful- 
crum will ſuſtain or raiſe a greater one. 
The Cauſe and Reaſon of which Fa& 
muſt be derived from the Demonſtra- 
tion that follows, and therefore this De- 
monſtration ought not. to. be founded 
on the ſuppoſed Self- evidence of what 
y the TRY to be proved. 


Sir Jjaac Newton's Demonſtration of 
| this. Propoſition is indeed very conciſe, 
but it depends on this Suppoſition. 
That when from the Fulcrum of a Le- 
ver ſeveral Arms or Radi iſſue out in 


different Directions, all lying in the 
5 O — Gme 
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ſame vertical Plane, a given Weight 
will have the ſame Power to turn the 
Lever from which-ever Arm it hangs, 
provided the Diftance of its Line of 
Direction from the Fulcrum remains 
the ſame. Now it muſt appear difficult 
to admit this Suppoſition, when we con- 
fider that the Weight can exert its whole 
Force to turn the Lever only on that Arm 
which is the ſhorteſt, and is parallel to the 
Horizon, and on which it acts perpen- 
dicularly, and that the Forces which it 
exerts, or with which it acts perpendi- 
cularty, on any one of the oblique 
Arms, muſt be inverſly as the Length 
of that Arm, which is evident from 
the 3 of Forces. 


Mr. Maclaurin, in his View of Newton's 
Phaloſophy, after giving us the Methods 
by which Archimedes and Newton prove 
the Property of the Lever, propoſes 
one of his own, which, he ſays, ap- 
_=_ to be the moſt natural one for 

this Purpoſe. From equal Bodies, ſuſ- 
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taining each other at equal Diſtances 
from the Fulcrum, he ſhews us how to 
infer that a Body of one Pound (for 
Inſtance) will ſuſtain another of two 
Pounds at Half its Diſtance from the 
Fulcrum, and from thence that it will 
fuſtain one of three Pounds at a third 
Part of its Diſtance from the Fulcrum ; 
and going on thus, he deduces, by a 
Kind of Induction, what the Propor- 
tion is in general between two Bodies 
that ſuſtain each other on the Arms 
of a Lever. But this Argument, were 
it otherwiſe ſatisfactory, yet as it can- 
not be applied, when the Arms of the 

er are incommenſurable, it cannot 


conclude generally, and therefore 1 im- 
perfect. 


There are ſome Writers on Mecha- 
nicks who, from the Compoſition of 
Forces, demonſtrate that Caſe of the 
general Propoſition, relating to the Le- 
ver, in which the Directions of the 
Forces are oblique to each other, and 

9 i meet 
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meet in a Point: But I do not find that 
they have had any other Way of prov- 
ing the ſecond Caſe, in which the Di- 
rections of the Forces are parallel, but 
by conſidering theſe Directions as mak- 
ing an Angle with each other, though ; 
an infinitely ſmall one, or as meeting at 
an infinite Diſtance; which Way of 
reaſoning is not to be admitted in Sub- 
jets of this Kind, where the Proof 
ſhould always ſhew us, directly from 
the Laws of Motion, why the Conclu- 
ſion muſt be true, in ſuch manner that 
we might ſee clearly the Force of every 
Step from the firſt Principles down to 
the Concluſion, which we are prevented 
from doing when any ſuch arbitrary 
and inconſiſtent — is introduced. 


From thus conſidering the various 
Proofs that have been given of this fun 
damental Propoſition in Mechanicks, we 
may ſee the Reaſon why many ſubſe- 
quent Writers have appeared diſſatisfied 


with the former Demonſt rations, and 
have 
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have looked for new ones; I ſhall now 
propoſe two. Methods of demonilratng 
it, merely from the Compoſition and 
Reſolution of Forces. The Propoſition 
may be expreſſed as follows. 


fc When three Forces act upon an 
« inflexible Line, whether ſtraight or 
% crooked, ; and keep. it in Ægquilibrio, 
% any two of them will be to each 
« other inverſly as the perpendicular 


„ Diſtances of their Lines of Direction 


© from that Point to which the third 
Force is applied.” 


Lt che three Forces E, G, F, (Fi is, 2. ) 
at upon three Points A, B, D, in an 
inflexible Line; and firſt let the Di- 
rections of the Forces E and F (which 
act on the ſame Side of the Line) 
meet in the Point C. Then it is evi- 
dent that the Force, Which is com- 
pounded of theſe two, muſt act upon 
the Line A B D in the Direction of 
a right Line chat paſſeth through the 
175 0 3 | * 
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Point C, conſequently the Force G, 
which ſuſtains this compounded Force, 
muſt be equal thereunto, and muſt act 
in a contrary Direction; therefore the 
Force G muſt act in the Direction of 
the Line C B. From the Point B draw 
B H and B K perpendicular to the Di- 
rections of the Forces E and F, and 
draw B M and B N parallel to theſe 
Directions forming the Parallelogram 
B M C N; chen, ſince theſe three 
Forces are in Ægquilibrio, they muſt be 
to each other reſpectively as the Sides 
and Diagonal of this Parallelogram to 
which their Directions are parallel, there- 
fore E is to F as CM, to CN, or 
M B, chat is (becauſe the Sides of a 
Triangle are as the Sines of the oppo- 
ſite Angles) as the Sine of the Angle, 
MB C or its alternate one, B CN to 
the Sine of the Angle B CM; but, 
making C B the Radius, B K is the Sine 
of the former Angle, and B H of the 


latter, therefore E is to F as B K to 
B H, ſo that the Forces E and F are 
To | 28 1 
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to each other inverſly as the perpendi- 
cular Diſtances of their Lines of Di- 
rection from the Point B, on which 
the third Force G acts. Now to com- 
pare the Forces F and G together; from 
the Point A, on which the third Force 
acts, draw A B and A L perpendicular 
to the Directions of the Forces G and 
F, then, as was faid before, F is to G 
as MB is to CB, but MB is to CB 
as AB to AL; becauſe, making CA 
the Radius, A B is the Sine of the 
Angle M CB, and AL is the Sine of 
the Angle M CN, or CMB its Sup- 
plement to two right ones; therefore the 
Forces F and G are to each other in- 
verſly as the perpendicular Diltances of 
their Lines of Direction from the Point 
A, on which the third Force E acts; 
and thus the firſt Caſe of the Propoſi- 
tion is proved, in which the Forces act 


againſt each other in oblique Directions. 


We muſt now conſider what Parts 


of the Forces E and F act againſt the 
Force 
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Force G in Directions parallel to G C, 
for it is ſuch Parts only that really 
oppoſe the Force G, and keep it in 
Aquiibrio, and from thence we- ſhall ſee 
what Proportion two Forces muſt have 
to each other when they are in Aguili- 
brio, and act in parallel Directions. Let 
the three Forces act upon the Points 
A, B and D, (Fig. g.) let them be in 
: Æguilibrio, and their Lines of Direction 
meet in the Point C, as in the pre- 
ceding Caſe; then if the Points A, 
B and D, are not in a right Line, 
draw the Line A D meeting B C in P, 
and from P draw P N and-P M paral- 
lel to the Directions of the Forces E. 
and F; through the Points A and D 
draw Lines parallel to B C, and thro' 
B draw a Perpendicular to theſe Lines 
meeting them in H and K, from the 
Point M draw M O parallel to A D, 
and meeting B C in O. No the three 
Forces E, G and F, that are in Æqui- 
librio, will be to each other reſpectively 
as — Sides of the Fine CMP, as 


| in 
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in the preceding Caſe; but the Force 
E, which is denoted by the Line M C, 
may be reſolved into two Forces acting 
in the Directions MO and O C, the 
former of theſe only urges the Point A 
towards D, and the latter acts in direct 
Oppoſition to the Force G; in like 
Manner the Force F, which is denoted 
by the Line PM, may be reſolved into 
two Forces acting in the Directions O M 
and PO, the former of which only 
urges the Point D towards A, and the 
latter acts in direct Oppoſition to the 
Force G; now it is evident that the 
Force G, which is denoted by the 
Line PC, is ſuſtained only by thoſe 
Parts of the Forces E and F, which 
act againſt it, in Directions parallel to 
B C, and are denoted by the Lines O C 
and PO, which, taken together, are 
equal to PC, for the other Parts of 
the Forces E and F which are denoted 
by MO, are loſt, being equal and con- 
trary to each other; if, therefore, in- 
ſtead of the Forces F and E, we ſup- 

| | pole 
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poſe tivo other Forces R and L, to at 
on the Points D and A, in Directions 
parallel to B C, and to keep the Force 
G in guilibrio, it follows, from what 
has been proved, that R and L, taken 
together, will be equal to G, and that 
theſe three Forces will be to each other 
reſpeCtively as the Lines PO, OC and 
PC; therefore R will be to L as (PO 
to O C, that is, as AM to MC, or 
as AP to PD, or) HB to BK, con- 
ſequently the Forces R and L are to 
each other inverſly as the perpendicu- 
lar Diſtances of their Lines of Direc- 
tion from the Point B, to which the 
third Force is applied. Now to compare 
the Forces R and G together; ſince 
the Forces R and L may be denoted 
8 B K, and are both toge- 
ther equal to G, that Force will be de- 
noted by the whole Line K H, and 
therefore R will be to G 28 B H to 
K H; fo that. theſe: Forces are alſo to 
each other inverſly as the perpendicu- 
lar Diſlances of their Lines of Direc- 


tion 
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tion from the Line of Direction of the 
third Force L; and chus the ſecond 
Caſe of the Propoſition is proved, in 
which the Forces act againſt each other 
in parallel Directions. If the Point in 
the inflexible Line, to which one of 
the Forces is applied, ſhould become a 
fixed Point, or Fulcrum, round which 
the Line may turn, it is evident that 
the other two Forces will continue in 
Æquilibrio, as they were before, and 
therefore the Property of the Lever, in 
all Caſes, is 1 l _ * 
Propoſition. | 


The Center of RE of a Body is 
ſaid to be that Point which being ſul- 
tained, or prevented from deſcending, 
the Body will continue at reſt, From 
hence it follows, that when a Body 
hangs freely from a ſingle Point, and 
continues at reſt, its Center of Gravity 
will lie perpendicularly under the Point 


of Suſpenſion; for in that Situation 
____oaly 


* 
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only it will be ned, and can de- 
ſcend no lower. | 


From this Property, which agrees 
hkewiſe to the common Center of, Gra- 
vity of two Bodies, joined together by 
an inflexible right Line, and which 
may then be conſidered as one, I ſhall 
thew that their Center of Gravity is 
a Point in the Line that joins them 
together, ſo fituated that the Diſtances 


bother inverfly as their Weights. This 

Theorem concerning the Poſition of the 
common Center of Gravity of two 
Bodies, which is a very noted one in 
Mechanicks, I have never ſeen demon- 
ſtrated otherwiſe than by inferring it 
from the general Property of the Lever: 
But 1 think the Method T ſhall now 
propoſe of deducing it direaly from the 
Definition of the Center of Gravity, is 
the. moſt conciſe, as well as the moſt 
natural, and, beſides, it will afford us 

a very ealy Way of demonſtrating the 
Property of the Lever. 


Let 


of the two Bodies from it are to each 
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Let the Two Bodies A and B (Fig. 4.) 
be joined by an inflexible right Line 
paſſing through their Centers of Gra- 
vity, and let them be a from 
the fixed Point or Pin at P, by the 
Threads AP and BP, — — 
may hang freely in ſuch a Poſition as 
their joint Gravity will give them. 
When theſe Bodies continue at Reſt, 
their common Center of Gravity muſt 
lye directly under the Point of Suf- 
penſion, or in the perpendicular Line 
P L, conſequently it muſt. be at the 
Point C, the interſection of the Lines 
PL and AB; the Poſition of which 
Point, in the Line A B, will be de- 
termined by finding out the Proportion 
between the Segments CA and CB. 


Tf the inflexible Line- was not inter- 
poſed between theſe Bodies, they would 


move till their Threads coincided with 
the perpendicular Line PL; ſince there- 
fore they are kept aſunder by this Line 
they muſt urge it with certain Forces in 
—— Directions, and theſe urging 


F. Forces 


* 
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of the Triangle PC B, therefore U is 
to B, as CB to PC, and therefore 
(ex quo perturbate) A is to B, as CB 
to C A, conſequently the Weights of 
the Bodies A and B are to each other 
inverſly as their Diſtances from the Point 
C, which lies diretly under the Point 
of Suſpenſion, and is therefore their 
| common Center of Gravity. 


| When two Bodies are connetiad by 
an inflexible Line, and this Line is ſup- 
ported by a Prop, ſo that their Cen- 
ter of Gravity cannot deſcend, the Bo- 
* muſt continue at Reſt, and will 

in equilibrio. Therefore it is eaſy 
D ſee how, from the Theorem now 
demonſtrated, we may prove the Pro- 
| perty of the Lever in that Caſe where 
the Directions of the Forces are pa- 


_  rallel ; and from thence the other Caſe, 


in which the Directions are oblique to 

each other, may be deduced by the 

Reſolution of Forces, as is uſually done. 

And this is the ſecond Method by * 
1 P 2 


160 ON THE PRINCIPLES 


I faid the general Property of the Le- 
ver pr be- Arietly demonſtrated. 


| The Lever is the moſt ſimple of au 
the Mechanick Powers, and to it _ 
be reduced the Balance and the Aus 
in Peritrochio, or Axle and Wheel. 
Though I do not conſider the Balance 
2s a diſtinct Mechanick Power, becauſe 
it is evidently no other than a Le- 
ver fitted for the particular Purpoſe of 
comparing the Weights of Bodies, and 
does not ferve GEM raiſing great Weights. 
or overcoming Ag as Ae other. 


When a Weight is to be raiſed by 
Means of an Axle and Wheel, it is faſ- 
wtened to a Cord that goes round the 
Axle, and the Power, which is to raiſe 
it, is hung to à Cord that goes round the 
Wheel. If then the Power be to the 
Weight as the Radius of the Axle to 
the Radius of the Wheel, it will Juſt. 


| - nomad that Weight; as will eafily ap- 
pear 


* 
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pear from what was. proved of the 
— For the Axle and Wheel may 
be conſidered as a Lever, whoſe Fulcrum 
is a Line paſſing through the Center 
of the Wheel and Middle of the Axle, 
and whoſe long and ſhort Arms are the- 
Radii of the Wheel and Axle which 
are parallel to the Horizon, and from 
whoſe Extremities the Cords hang per- 


pendiculary. And thus an Axle and 


ries, ſuch a Machine is really, a per- 


Wheel may be looked upon as a Kind 


W Lever, on whoſe Arms 


of 

che e and Weight always act per- 

pendicularly, tho che Lever turns round 
its Fulcrum. And in like Manner, when 

Wheels and Axles move each other 

by Means of Teeth on their Periphe- 


petual compound Lever; and, by con- 
ſidering it as ſuch, we may compute 
the Proportion of any Power to the 
Weight it is able to ſuſtain by the 

Help of ſuch an Engine. And ſince 


the Radii of two contiguous Wheel, 


we Teeth are applied to each other, 
P 3 | are 
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are mn be Number of Teeth in each; 
or inverſly as the Number of Revolu- 
tions, which they make in the ſame 
Time; we may, in the Computation, 
inſtead of the Ratio of theſe Radii, put 
the Ratio of the Number of the Teeth 
on each Wheel; or the inverſe Ratio 
of the Number of Revolktions they 
make in the ſame Time. 


Some Writers have thought the Na- 
ture and Effects of the Pulley might be 
beſt explained by conſidering a fixed 
Pulley as a Lever of the firſt, and a 
moveable Pulley as one of the ſecond, 
Kind. But the Pulley cannot properly _ 
be conſidered as a Lever of any Kind, 
for when any Power ſuſtains a Weight 
by Means of a Syſtem of Pullies, that 
Power will ſuſtain the ſame Weight if 
the Pullies be removed, and the Ropes 
be brought over the Axles on which 
the Pullies turned. And in this Caſe 


I believe no one would fay, that theſe 


-" wants e eee 
It 


wu 
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If the Weight was to be raiſed up, there 
would, in this Caſe, be a very great 
Reſiſtance from the Friction of the 
Ropes on the Axles; and it is merely 
to avoid this Reſiſtance that Pallies are 
uſed; which move round the Axles with 
but little Friction. I think the - belt 
and moſt natural Method of explaining 
the Effects of the Pulley (that is, of 
computing the Proportion of any Power 
to the Weight it can ſuſtain by Means 
of any Syſtem of Pullies) is by conſi- 
dering that every moveable Pulley hangs 
by two Ropes. equally ſtretched; which 
muſt bear equal Parts of the ,Weight; 
and therefore when one and the ſame 
Rope goes round ſeveral fixed and 
moveable Pullies, ſince all its Parts on 
each Side of the Pullies are equally 
ſtretched, the whole Weight muſt be 
divided equally amongſt all the Ropes 
by which the moveable Pullies hang. 
And conſequently if the Power which 
acts on one Rope be equal to the 
Weight divided by the Number of 
8111.1 | Ropes, 
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. 
Weight. 


Upon this Principle, the Proportion 
of the Power to the Weight it ſuſtains 
by Means of any Syſtem of Pullies, 
may be computed in a Manner fo eaſy 
and natural, as muſt be obvious to every 
common Capacity. 


- The Proportion which. any Power 
bears to the reſiſting Force it is able 
to ſuſtain; by Means of a Wedge, has 
has been laid down differently by dif- 
Authors, as they happened to 
der it in particular Caſes, With- 
ining their ſeveral Opinions, 
ur to expreſs this Pro- 


3s Let the AZquicrurd Triangle ABC 
-(Fig- 5) repreſent a Wedge, whoſe Baſe 
er Back i A C, and Sides are the 
2 00 f 8 Lines, 
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Lines A B and C B, and whoſe Height 
is the Line B P, vhich biſects, the ver- 
tical Angle A B C and alſo, the Baſe 
perpendicularly in P. When a Power 
is applied to the Wedge, in order to 
overcome or remove any reſiſting For- 
ces, it acts perpendicularly on the Back 
of che Wedge, and the reſiſting Forces 
act on its Sides, and they are always 
ſuppoſed to act in Directions that make 
equal Angles with the Sides. When, 
che reſiſting Forces and the Power, that 
acts on the Wedge, are in Æguilibrio, 
the former will be to the latter, as the 
Height of the Wedge to a Line drawn 
from the Middle of the Baſe to one 
Side, and parallel to the Direction in 
which the er ty mien — on that 
Side. # 8 $1 43 5 


14 E 122 F repreſent —5 "os 
or two "reſiſting Forces acting on the 
Sides of the Wedge perpendicularly, 
and whoſe Lines of Direction E P and 
FP meet at the middle Point of the 
asdcis Baſe, 
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Baſe, on which the Power P acts 
perpendicularly, then will EP and FP 
be equal, let the Parallelogram EN FP 
be compleated, its Diagonals PN and 
E F will bilect each other perpendicu- 


larly in H. Now when theſe Forces 


| (which act perpendicularly on the Sides 

' and Baſe of the Wedge) are in Zquil:- 
brio, they will be to each other as the 
Sides and Diagonal of this Parallel- 
ogram, that is, the Sum of the reſiſting 
Forees will be to the Power P, as the 
Sides E P and F P to che Diagonal P N, 
or as one Side EP to half the Diagonal 
P H, chat is (from the Similarity of the 
right-angled Triangles B EP, EHP) 
as B P, the Height of the Wedge, to E 
the Line which is drawn from the Mid- 
dle of the Baſe to the the Side A B, and 
2 Direction in which the reſiſting 
Force ach on that Side. ee 


Sb Ss Baia os this Caſe, 
in which the reſiſting Forces act perpen- 
— the Sides of the Wedge, it 


71 
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appears that the Reſiſtance is to the 
Power which ſuſtains it, as one Side of 
the Wedge AB is to the Half of its 
Breadth AP; becauſe AB is to AP 
as BP is to EP. | 


It appears alſo from hence, that if 
PN be made to denote the Force 
with which the Power P acts on the 
Wedge, the Lines PE and PF which 
are perpendicular to the Sides, will de- 
note the Force with which the Power 
P protrudes the reſiſting Bodies in Di- 
rections perpendicular to the Sides of the 
Wedge. i153 3p 


Let us now ſuppoſe, in the ſecond 
Caſe, that the reſiſting Bodies E and F 
act upon the Wedge in Directions parallel 
to the Lines DP and O P, that are 
equally inclined to its Sides, and meet in 
the Point P. Draw the Lines E G and 
F K perpendicular to DP and OP; 
then making PN denote the Force 
with which the Power P acts on the 


. Wedge, 
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Wedge, PE and PF will denote the 
Forces with which it . protrudes tho 
reſiſting Bodies in Directions 
«cular to the Sides of the Wedge, as I 
obſerved before; now each of theſe For- 
ces may be reſolved into Two, denoted 
reſpectiveh/ by the Lines PG and G E, 
PK and K F, of which GE and KF 
will be loſt, as they act in Directions 
icular to thoſe of the reſiſting 
Bodies, and PG and PK will denote 
the Forces by which the Power P op- 
poſes the reſiſting Bodies, by protruding | 
them in Directions contrary” to thoſe in 
which they act on the Wedge; there- | 
fore when the reſiſting Forces are in 
 Zquilibrio with the Power P, the for- 
mer muſt be to the latter, as the Sum 
of the Lines PG and PK is to PN, | 
'or as PG is to PH, that is, as P B, 
he height of the Wedge, is to PD *® | 


2 [PG d t PH A PB t P 5. The 
cght angled Triangles — and P E D are 


ſimilar 
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the Line drawn from the Middle of the 
Baſe to one Side of the Wedge and pa- 
tallel to the Direction in which the re- 
ſiſting Force acts on that Side. 


From what has been demonſtrated, 
we may deduce the Proportion of the 
Power to the Reſiſtance it is able to 
faſtain in all the Cafes in which the 


Wedge is applied. Firſt, when in cleav- 

mg Timber the Wedge fills the Cleft, 

then the Reſiſtance of the Timber acts 

perpendicularly on the Sides of che 

Wedge, therefore in this Caſe, when 

the Power which drives the Wedge, is 
Q 


to 


fabilar, having the Angle at P common to 
both; therefore PG is to PE as PE to 
PD; ſs likewiſe the rightangled Triangles 
P HE and PE B are ſimilar, and therefore 
P H is to P E as PE to PB; therefore the 
rectangles PG into PD and P H into PB 
are equal, each of them being equal to the 
Square of P E, conſequently their Sides are 
reciprocally proportional, that is, P G is to 
P H asPBto-PD, - ; 
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to the coheſwe Force of the Timber, 
as Half the Baſe, to one Side of the 
Wedge, the Power and Reſiſtance will 


Secondly, when the Wedge does not 
exactly fill the Cleft, which generally 
happens, becauſe the Wood fplits to 
ſome Diſtance before the Wedge. Let 
E L F repreſent a-Cleft into which the 
Wedge AB C is partly driven; as the 
reſiſting Force of the Timber muſt act 
on the Wedge in Directions perpendi- 
cular to the Sides of the Cleft, draw 
the Line PD in a Direction perpendi- 
cular to E L the Side of the Cleft, 
and meeting the Side of the Wedge in 
D; then the Power driving the Wedge 
and the Reſiſtance of the Timber, when 
they balance, will be to each other as 
— Line PD Wr the * of 


the Wedge. 


"Thirdly, when a W edge 1s . 
to ſeparate two Bodies that lie r 


On 
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on an horizontal Plane, for Inſtance 


two Blocks of Stone; as theſe Bodies 


muſt recede from each other in hori- 


zontal Directions, their Reſiſtance muſt 
act on the Wedge in Lines parallel to 


its Baſe C A; therefore the Power which 
drives 'the Wedge will balance the Re- 
ſiſtance when they are to each other 
as P A, Half the Breadth of the Wedge 
to P B its Height; and then any adi. 
tional Force ſufficient to overcome the 
Reſiſtance ariſing from the Friction of 


the Bodies on the horizontal Plane will 


ſeparate them from each other. 


The inclined Plane is reckoned by 


ſome Writers among the mechanick 


Powers ; : and I think with Reaſon, as 
it may be uſed with Advantage in raiſ- 


ing Weights. 


Let the Line A B (Fig. 6.) repre- 


ſent the Length of an inclined Plane, 
A D its Height, and the Line B D we 


may call its Baſe. | Let the circular Body 


0's '* _ RE 
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G E F be ſuppoſed to reſt on the inclin- 
ed Plane, and to be kept from falling 
down it by a String CS tied to its 
Center C. Then the Force with which 
this Body ſtretches the String will be 
to its whole Weight, as the Sine of 
ABD the Angle of Elevation, to the 
Sine of the Angle which the String 
contains with a Line perpendicular to 
AB the Length of the Plane. For let 
the Radius C E be drawn perpendicular 
to the Horizon, and CF perpendicular 
to AB, and from E draw EO 
to the String and meeting CF in O. 
Then, as the Body continues at Reſt and 
is urged by three Forces, to wit, by ita 
Weight in the Direction CE, by the 
reaction of the Plane in the Direction 
FC, and by the reaction of the String 
in the Direction EO; the reaction of 
the String, or the Force by which it 
is . ſtretched, is to the Weight of the 
Body, as E O to CE; That is, as the 
Sine of (the Angle ECO, which is 
equal to) A B D the Angle of Eleva- 
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tion, to the Sine of the Angle EO C, 
equal to SCO, the Angle which the 
String contains with the Line CF per- 
pendicular to A B, the Length of the 
Plane. | 


When therefore the String is parallel 
to the Length of the Plane, the Force 
with which it is ſtretched, or with 
which the Body tends down the in- 
clined Plane, is to its whole Weight, 
as the Sine of the Angle of Elevation, 
to the Radius, or as the Height of the 
Plane to the Length. And in the ſame 
Manner it may be ſhewn, that when 
the String is parallel to BD, the Baſe 
of the Plane, the Force with which it 
is ſtretched is to the Weight of the 
Body, as AD to BD, that is, as the 
Height of the Plane to its Baſe. If 
we ſuppoſe the String, which ſupports 
the Body GEF, to be faſtened at 8, 
and that a_ Force, by acting on the 
Line- A D, the Height of the Plane, in 
a Diredtion parallel to the Baſe B D, 


23 drives 
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drives the inclined Plane under the 
Body, and by that Means makes it riſe 
in a Direction parallel to AD. Then, 
from what was in the third 
'Caſe 'of the Wedge, it will appear, that 
this Force muſt be to the Weight of 
the Body, as AD to BD, or rather 
in a Proportion ſomewhat greater : If it 
makes the Plane move on and the Bay 
riſe. | 


ed this laſt Obſervation we may 
clearly ſhew the Nature and Force of 
the Screw; a Machine of great Efficacy 
in raiſing Weights, or in preſſing Bodies 
cloſely together. For if the Triangle 
ABD be turned round a Cylinder 
whoſe Periphery is equal to B D, then 
the Length of the inclined Plane BA 
will riſe round the Cylinder in a ſpiral 
Manner; and form what is called the 
Thread of the Screw, and we may 
ſuppoſe it continued in the ſame Man- 
ner round the Cylinder from one End 
to the other; and AD the * 
0 
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of the inclined Plane will be every 
where the Diſtance between two conti- 
guous Threads of | this Screw, which. is 
called a Convex Screw. And a Con- 
cave Screw may be formed to fit this 
exactly, if an inclined Plane every Way 
like the former be turned round the 
Infide of a hollow Cylinder, whoſe Pe- 
riphery is ſomewhat larger than that of 
the other. Let us now ſuppoſe the Con- - 
cave Screw to be fixed, and the Convex 
one to be fitted into it, and a Weight 
to be laid on the Top of the Conyex 
Screw: Then, if a Power be applied to 
the Periphery of this Convex Screw to 
turn it round, at every Revolution the 
Weight will be raiſed up through a 
Space equal, to the Diſtance between 

the two contiguous Threads, that is, to 
the Line A D the Height of the in- 
clined Plane B A; therefore ſince this 
Power applied to the Peripliery, acts in 
a Direction parallel to B D, it muſt be 
to the Weight it raiſes as A D to BD, 
or 
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or as the Diſtance between two conti- 
guous Threads, to the Periphery of the 


Convex Screw; which Diſtance between 


two contiguous Threads is to be meaſured 
by a Line parallel to the Length of the 
Screw. If we now ſuppoſe that a Hand- 
ſpike or Handle is inſerted into the Bottom 
of the Convex Screw, and that the Power 
which turns the Screw is applied to the 
Extremity of this Handle, which is ge- 
nerally the Caſe; then as the Power is 
removed farther from the Axis of Motion, 
its Force will be ſo much encreaſed, and 
therefore ſo much may the Power itſelf 
be diminiſhed. - So that the Power, which, 
acting on the End of -a Handle, ſuſ- 
tains. a Weight by Means of a Screw, 
will be to that Weight, as the Diſtance 
between two contiguous Threads of the 
Screw, to the Periphery deſcribed by the 
End of the Handle. In this Caſe we may 
conſider the Machine as compoſed of a 
a Screw and a Lever, or as Sir /faac News. 
ton expreſſes it, Cuneus @ vefte impulſus. 


Of 


_ 
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Of any tro or more of theſe ſimple 
Machines combined together, all other 
Machines, however complicated, are com- 
poſed. And their Powers and Manner 
of acting may therefore be explained 
from the Principles here laid down. 


1 


o 


